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ABSTRACT
F i f t y - s i x  s p e c ie s  o f  c o c c o l i t h s  and  r e l a t e d  n a n n o f o s s i l s  a s s ig n e d  
to  t h i r t y - n i n e  g e n e ra  w ere  re c o v e re d  from  f i f t y - t h r e e  s u r f i c i a l  b o tto m  
s e d im e n t sam p les  o f  th e  d eep  G u lf  o f  M exico . A l l  m a jo r  p h y s io g ra p h ic  
r e g io n s  and t h e i r  p r o v i n c i a l  s u b d iv i s io n s  e x c e p t th e  c o n t i n e n t a l  s h e lv e s  
a r e  r e p r e s e n te d  i n  t h i s  s tu d y .  The d o m in an t s p e c ie s  i n  th e  G u lf b o tto m  
s e d im e n t n a n n o f lo r a  l i s t e d  i n  d e c r e a s in g  o r d e r  o f  ab u n d an ce  a r e  K m iH nnia  
h u x le y i ,  G ep hyrocapsa  o c e a n ic a .  U m b ilic o sp h a e ra  m i r a b i l l s .  U m b e llo sp h ae ra  
i r r e g u l a r i s , C y c lo c o c c o l i th in a  l e p to p o r a .  S v ra c o s p h a e ra  p u lc h e r a .  
U m b e llo sp h ae ra  t e n u i s . S c a p h o l i th u s  f o s s i l i s .  R h ab d o sp h aera  s t v l i f e r a .  
D is c o s p h a e ra  t u b i f e r a ,  and  T h o ra c o sp h a e ra  h e im i.
A n e s te d  a n a l y s i s  o f  v a r i a n c e  was a p p l ie d  t o  th e  r e l a t i v e  ab u n d an ce  
o f  c o c c o l i t h s  and o th e r  n a n n o f o s s i l s  and t h e i r  mean p r e s e r v a t io n  f o r  
each  sam ple  i n  o r d e r  to  i n v e s t i g a t e  th e  p o s s i b l e  r e l a t i o n s h i p s  be tw een  
n a n n o f o s s i l  f re q u e n c y  and p r e s e r v a t io n  d i s t r i b u t i o n  p a t t e r n s  and  th e  
g e o g ra p h ic  l o c a t i o n s  o f  n a n n o f o s s i l  ta x a  w i th in  th e  deep  G u lf o f  M exico . 
The r e s u l t s  o f  th e s e  s t a t i s t i c a l  a n a ly s e s  i n d i c a t e  t h a t  n e i t h e r  th e  
r e l a t i v e  f re q u e n c y  o r  o c c u r re n c e  o f  a  ta x o n , n o r  i t s  mean p r e s e r v a t io n  
v a lu e  i s  e n t i r e l y  r e l a t e d  to  ch an g e s  i n  p h y s io g ra p h y . The e v a lu a t io n  o f  
th e  p r e s e r v a t io n  o f  i n d i v i d u a l  n a n n o f o s s i l  ta x a  p ro v ed  u s e f u l  i n  d e l i n e ­
a t i n g  g e o g ra p h ic  a r e a s  o f  good and p o o r p r e s e r v a t io n  w i th in  th e  G u lf ,  and 
p ro v id e d  a  m eans o f  r e c o g n iz in g  s e l e c t i v e  p r e s e r v a t io n  by m o rp h o ty p e . 
A re a s  o f  p o o r e s t  n a n n o f o s s i l  p r e s e r v a t io n  c o in c id e  w ith  p o r t i o n s  o f  th e  
C o n t in e n ta l  S lo p e  and  M is s i s s i p p i  Cone t h a t  a r e  r i c h e s t  i n  t e r r e s t r i a l l y  
d e r iv e d  o rg a n ic  c a rb o n . A b y ss a l p l a i n  s e d im e n ts  y ie ld e d  th e  b e s t  p r e ­
s e rv e d  n a n n o f o s s i l  m a t e r i a l  e n c o u n te re d  i n  th e  G u lf . S o lu t io n  r e s i s t a n t
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p l a c o l i t h s ,  c a n e o l i t h s ,  and r h a b d o l i t h s  w ere  p r e f e r e n t i a l l y  p re s e rv e d  
o v e r  a l l  o th e r  n a n n o f o s s i l  m o rp h o ty p es .
SYMAP c o n to u r  p l o t s  f o r  b o tto m  se d im e n t n a n n o f lo r a l  f re q u e n c y  and 
p r e s e r v a t io n  d a t a  s u g g e s t  th e  h y p o th e s is  t h a t  th e  m a jo r ch an g e s  i n  th e  
g e o g ra p h ic  d i s t r i b u t i o n  p a t t e r n s  f o r  th e  d eep  G u lf b o tto m  n a n n o f lo ra  can  
be  r e l a t e d  to  te m p e ra tu re  and s a l i n i t y  ch an g es  in  th e  o v e r ly in g  w a te r -  
m ass p resu m ab ly  r e f l e c t i n g  e n v iro n m e n ta l c o n t r o l  on th e  b io c o e n o se , A 
Q-mode c l u s t e r  a n a l y s i s  p e rfo rm e d  on th e  f re q u e n c y  and p r e s e r v a t io n  d a t a  
a s  a  means o f  t e s t i n g  t h i s  h y p o th e s is  r e s u l t e d  i n  c l u s t e r s  w hich  s u p p o r t  
i t .  On th e  a v e ra g e  a p p ro x im a te ly  one p e r c e n t  o f  th e  n a n n o f o s s i l s  r e ­
co v e re d  from  th e  deep  G u lf b o tto m  se d im e n ts  a r e  rew orked  C re ta c e o u s  and 
T e r t i a r y  fo rm s . The m ost a b u n d a n t o c c u r re n c e s  o f  rew orked  n a n n o f o s s i l s  
d e f in e  t h r e e  d i s t i n c t  o f f s h o r e  a r e a s  w hich  c o r r e l a t e  w ith  known p o s i t i o n s  
o f f r e s h  w a te r  i n f l u x  in t o  th e  G u lf S ystem . The p re s e n c e  o f  rew orked  
n a n n o f o s s i l  m a t e r i a l  r e s t r i c t e d  to  a r e a s  a d j a c e n t  to  th e  M is s i s s ip p i  
R iv e r ,  R io  G ran d e , and v a r io u s  r i v e r s  f lo w in g  in t o  th e  Bay o f  Campeche 
i n d i c a t e s  p o in t  s o u rc e s  o f  t e r r i g e n o u s  se d im e n t su p p ly  f o r  th e  G u lf o f  
M exico.
A maximum R^ im provem ent te c h n iq u e  was a p p l ie d  to  th e  r e l a t i v e  
f re q u e n c y  o f  o c c u r re n c e  and mean p r e s e r v a t io n  o f  c o c c o l i t h  and  r e l a t e d  
n a n n o f o s s i l  ta x a  i n  eac h  sa m p le , to  i d e n t i f y  th o s e  ta x a  w hose r e l a t i v e  
abundance  o r  mean p r e s e r v a t io n  was c o n t r o l l e d  by ch an g e s  i n  d e p th  o f 
w a te r  to  th e  s e d im e n t-w a te r  i n t e r f a c e .  M ost ta x a  th u s  a n a ly z e d  showed 
a  n o n - s i g n i f i c a n t  r e l a t i o n s h i p  b e tw een  ch an g es  i n  w a te r  d e p th  and 
ab u n d an ce  o r  p r e s e r v a t io n .  C y c lo c o c c o l i th in a  le o to o o r a  showed a  s t r o n g  
t r e n d  tow ard  p o o re r  p r e s e r v a t io n  w ith  i n c r e a s in g  w a te r  d e p th .  No e v i ­
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dence  o f  a  l y s o c l in e  o r  c a rb o n a te  co m p en sa tio n  d e p th  f o r  G u lf b o tto m  
se d im e n ts  a t  o r  above 3 ,7 6 2  m e te r s  d e p th  o f  w a te r  was d e te c te d  i n  t h i s  




C o c c o l i t h s , th e  m ic ro s c o p ic  c a rb o n a te  s k e l e t a l  e le m e n ts  o f  c e r t a i n  
ch ry so p h y c e a n  a l g a e ,  and  o th e r  r e l a t e d  n a n n o f o s s i l s  o f  p h y to p la n k to n ,  
a r e  a p r i n c i p a l  b io g e n ic  com ponent o f  p e l a g ic  m a rin e  se d im e n ts  d e p o s i te d  
s in c e  th e  P a le o z o ic  E ra . The d is c o v e ry  o f  th e s e  m in u te  a l g a l  p a r t i c l e s  
by E h ren b e rg  in  1836 i s  r e c o g n iz e d  a s  one o f  th e  im p o r ta n t  p arad ig m s 
(K uhn, 1970 , p .  10) in  m a rin e  g e o lo g y . T h e ir  r a p id  r a t e s  o f  e v o lu t io n ­
a r y  c h a n g e , e a s i l y  c h a r a c t e r i z e d  m o rp h o lo g ie s , and  w o rld -w id e  g e o g ra p h ic  
d i s t r i b u t i o n  make c o c c o l i t h s  and  r e l a t e d  n a n n o f o s s i l s  i d e a l  s u b je c t s  f o r  
b i o s t r a t l g r a p h i c  s t u d i e s .  W ith th e  a v a i l a b i l i t y  o f  v a r io u s  ty p e s  o f  
e l e c t r o n  m ic ro sc o p e s  In  r e c e n t  y e a r s ,  t h i s  h e te ro g e n e o u s  g roup  o f 
m in e r a l iz e d  a l g a l  s u r f a c e  s c a l e s  h a s  r e c e iv e d  c o n t in u a l l y  in c r e a s in g  
i n t e r e s t s  and i s  th e  s u b je c t  o f  many taxonom ic  and  b i o s t r a t l g r a p h i c  
s t u d i e s .  F o r a  r e l a t i v e l y  co m p le te  l i s t i n g  o f  th e s e  v a r io u s  s t u d i e s  th e  
r e a d e r  i s  r e f e r r e d  to  th e  A n n o ta ted  In d ex  and B ib l io g ra p h y  o f  th e  
C a lc a re o u s  N an n o p lan k to n  by L o e b l ic h  and Tappan (1 9 6 6 , 1968 , 1969 , 1970a, 
1970b, 1 9 7 1 ).
A lth o u g h  th e  m odern n a n n o f lo r a  o f  th e  w o rld  o cean  i s  g e n e r a l ly  
known, l e s s  a t t e n t i o n  h a s  been  p a id  to  some o f  t h e  s m a l le r  b a s i n s ,  
in c lu d in g  th e  G u lf o f  M exico . R e l a t i v e ly  few  s t u d i e s  have  b een  made o f  
th e  G u lf c o c c o l i t h s  and  r e l a t e d  n a n n o f o s s i l s ,  t h e i r  g e o g ra p h ic  d i s t r i b u ­
t i o n  p a t t e r n s ,  and th e  s o u rc e s  o f  v a r i a t i o n  t h a t  can  a f f e c t  t h e i r  
d i s t r i b u t i o n  a s  th e y  s e t t l e  t o  th e  b o tto m  and become in c o rp o r a te d  i n t o  
th e  s e d im e n ta ry  r e c o r d  a s  p o t e n t i a l  f o s s i l s .  The p u rp o s e s  o f  t h i s  
i n v e s t i g a t i o n  a r e  a s  f o l lo w s :
1
21. Document th e  p re s e n c e  o f  c o c c o l i t h s  and  r e l a t e d  c a lc a r e o u s  
n a n n o f o s s i l s  a s  a  b io g e n ic  com ponent o f  s e d im e n ts  from  th e  
s u r f i c i a l  b o tto m  o f  th e  G u lf o f  M exico e x c lu s iv e  o f  any 
c o n t i n e n t a l  s h e l f  a r e a s .
2 . S tu d y  and  d e l i n e a t e  th e  d i s t r i b u t i o n  p a t t e r n s  o f  th e  
r e l a t i v e  f re q u e n c y  o f  o c c u r re n c e  o f  G u lf c o c c o l i t h s  
w ith  r e s p e c t  to  g e o g ra p h ic  and  w a te r  d e p th  v a r i a b i l i t y .
3 . S tudy  and d e l i n e a t e  th e  d i s t r i b u t i v e  p a t t e r n s  f o r  th e  
p r e s e r v a t io n  o f  c o c c o l i t h  ta x a  w ith  r e s p e c t  to  t h e i r  
g e o g ra p h ic  l o c a t io n  and w a te r  d e p th .
4 . Through th e  a p p l i c a t i o n  o f  s t a t i s t i c a l  te c h n iq u e s  
a p p l ie d  i n  t h i s  s tu d y ,  c o n t r i b u t e  a  g e n e r a l  im prove­
m ent in  th e  o b j e c t i v i t y  o f  b a s ic  in f o r m a t io n  u sed  f o r  
n a n n o f o s s i l  b i o s t r a t l g r a p h i c  a p p l i c a t i o n s .
P re v io u s  w ork
The g e n e r a l  s p e c ie s  c o m p o s itio n  o f  th e  p h y to p la n k to n  from  th e  G u lf 
o f  M exico a s  th e n  known was rev ie w e d  by C onger (1 9 5 4 ) , D av is  (1 9 5 4 ) , and 
Graham (1 9 5 4 ) . C u r l (1959) c i t e d  a d d i t i o n a l  s t u d i e s .  Simmons and Thomas
(1962) p u b l is h e d  on th e  p h y to p la n k to n  o f  th e  e a s t e r n  M is s i s s i p p i  R iv e r  
D e l ta  and B a lech  (1967) s tu d ie d  d i n o f l a g e l l a t e s  from  th e  n o r th e a s t e r n  
G u lf o f  M exico . The p h y to p la n k to n  d i s t r i b u t i o n  in  th e  o f f s h o r e  w a te r  
o f  th e  e a s t e r n  and c e n t r a l  G u lf o f  M exico was r e p o r te d  by H u lb u r t  and 
Corw in (1 9 7 2 ) .
The e a r l i e s t  p u b lis h e d  o b s e r v a t io n s  on th e  p re s e n c e  o f 
c o c c o l i th o p h y te s  i n  th e  b o tto m  s e d im e n ts  o f  th e  G u lf o f  M exico known to  
t h i s  w r i t e r  a r e  th o s e  o f  A g a s s iz  (1 8 8 5 , 1888) who n o te d  t h a t  " c a rb o n a te
3o f  lim e  in  th e s e  d e p o s i t s . . . c o n s i s t e d  o f  f ra g m e n ts  o f  s h e l l s  o f  p e l a g ic  
and o th e r  m o l lu s k s ,  o f  c a lc a r e o u s  a l g a e ,  o f  e c h in o d e rm s , o f  a n n e l id  
tu b e s ,  o f  c o r a l s ,  p o ly z o a , a l c y o n a r ia n  s p i c u l e s ,  c o c c o l i t h s  and 
r h a b d o l i t h s ,  and o f  p e l a g ic  and o th e r  f o r a m i n l f e r a . " D av is  (1950) 
r e p o r te d  u n i d e n t i f i e d  c o c c o l i th o p h y te  s p e c ie s  from  th e  G u lf  C o a s t o f  
F l o r i d a ,  and C u rl (1959) m e n tio n ed  th e  o c c u r re n c e  o f  a  s i n g l e  form  
P o n to sp h a e ra  s p .  A cco rd in g  to  G aa rd e r and H a s le  (1971) " th e  s p a r s e  
r e c o r d s  o f  c o c c o l i th o p h y te s  from  th e  G u lf o f  M exico a r e  p ro b a b ly  more 
i n d i c a t i v e  o f  th e  p a u c i ty  o f  a t te m p ts  made to  o b s e rv e  t h i s  g roup  o f 
p la n k to n ic  a lg a e  th a n  t h e i r  r a r i t y  in  th e s e  w a te r s . "
Bukry and B ra m le tte  (1969) m e n tio n  th e  o c c u r re n c e  o f  s e v e r a l  w e l l  
known ta x a  from  two G u lf c o r e s  ta k e n  on Leg 1 o f  th e  JOIDES Deep Sea 
D r i l l i n g  P r o j e c t .  As a  p r e l im in a r y  r e p o r t  G a a rd e r  and  F r y x e l l  (1970) 
l i s t e d  t h i r t y  s p e c ie s  r e p r e s e n t in g  tw en ty -tw o  g e n e ra  o f  l i v i n g  
c o c c o l i th o p h y te s  from  th e  w a te r s  o f  th e  G u lf .  T hese  same s u r f a c e  w a te r  
sam p les  w ere th e  s u b je c t  o f  a  p a p e r  on G u lf c o c c o l i th o p h y te s  by G aard e r 
and H a s le  (1 9 7 1 ) . A c h a r a c t e r i z a t i o n  o f  su sp e n d ed  m a t t e r ,  in c lu d in g  
c o c c o l i t h s ,  in  th e  G u lf o f  M exico and n o r th e r n  C a r ib b e a n  Sea i s  found  
in  H a r r i s  (1 9 7 1 ) . E l l i s  e t  a l .  (1972) g iv e  a  d e t a i l e d  s tu d y  o f  c a l ­
c a re o u s  n a n n o f o s s i l s  r e c o v e re d  from  th e  e le v e n  U pper M iocene to  H o locene  
c o re s  r e c o v e re d  in  th e  S ig sb e e  A b y ssa l P l a i n  a t  S i t e  3 , Leg 1 , o f  th e  
JOIDES Deep Sea D r i l l i n g  p r o j e c t .  P l e i s t o c e n e  and  H o lo cen e  c o c c o l i t h  
s t r a t i g r a p h y  f o r  a  b o tto m  se d im e n t c o re  i n  th e  n o r th  c e n t r a l  G u lf C o a s t 
a r e a  was r e p o r te d  by Sachs (1970) and Sachs and  S k in n e r  (1973a and 
1 9 7 3 b ) . C o c c o l i th s  i n  th e  s u r f a c e  s e d im e n ts  o f  th e  L o u is ia n a  C o n ti­
n e n t a l  S h e lf  w ere  a l s o  s tu d ie d  by R eim ers (1 9 7 2 ) . Brohm (1973) r e p o r te d  
l a t e  P le i s to c e n e  n a n n o f o s s i l s  from  th e  n o r th w e s t  F lo r id a  s h e l f .  The
4ta x a  re c o rd e d  i n  th e s e  p a p e rs  to g e th e r  w ith  th e  p r e l im in a r y  r e p o r t s  by  
Hay (1973) and Bukry (1973) f o r  Leg 10 o f  th e  JOIDES Deep Sea D r i l l i n g  
p r o j e c t  form  t h i s  w r i t e r ' s  hypodigm  (S im pson , 1 9 4 0 ).
S o u rces  o f  v a r i a t i o n  in f lu e n c in g  th e  d i s t r i b u t i o n  o f  C a lc a re o u s  
N annop lank ton
The f i n a l  re m a in s  o f  any  c o c c o l i th o p h y te  w h ich  may b e  in c o rp o r a te d  
in t o  a  s e d im e n ta ry  ro c k  have p o t e n t i a l l y  b een  ex p o sed  to  a  w hole s e r i e s  
o f  e v e n t s ,  any one o r  m ore o f  w h ich  may have  a l t e r e d  th e  r e a l  o r  
a p p a re n t  r e l a t i v e  ab u n d an ce  o f  th e  c o c c o l i t h o p h y te .  T h ese  s e r i e s  o f 
e v e n ts  may be  d iv id e d  in t o  s o u rc e s  o f  v a r i a t i o n  a c t i n g  upon th e  ta x a :
1 . a t  th e  tim e  o f  c o c c o l i t h o g e n e s l s ;
2 . w h ile  th e  c e l l  re m a in s  a  v i a b l e  p a r t  o f  th e  ocean  
e n v iro n m e n t;
3 . a t  and  fo l lo w in g  th e  tim e  o f  d e a th  d u r in g  th e  t r a n s ­
p o r t a t i o n  o f  th e  s k e l e t a l  e le m e n ts  to  t h e i r  d e p o s i -  
t i o n a l  s i t e ;
4 . a f t e r  th e  d e p o s i t io n  o f  th e  s k e l e t a l  e le m e n ts  a s  
s e d im e n ta ry  p a r t i c l e s ;
5 . d u r in g  th e  sam p lin g  and  p r o c e s s in g  o f  th e  s e d im e n t o r  
ro c k  f o r  g e o lo g ic a l  d a t a  g a t h e r in g .
C o c c o l i th o g e n e s ls
The s o u rc e s  o f  v a r i a t i o n  p r e s e n t  a t  th e  tim e  o f  th e  c e l l ' s  fo rm a t io n  
o f  c o c c o l i t h s  in c lu d e  c o c c o l i t h  c o m p o s i tio n  and m o rp h o lo g y . T hese  
s o u rc e s  a r e  s p e c i f i c  f o r  eac h  ta x o n . H a r t  e t  a l .  (1965) s u g g e s te d  t h a t  
c o c c o l i t h s  may be e i t h e r  a r a g o n i t e  o r  c a l c l t e  i n  r e s p o n s e  to  e n v iro n ­
m e n ta l  v a r i a b l e s .  The e x p e r im e n ts  o f  W ilb u r and  W atabe (1963) s u p p o r t
5t h i s  h y p o th e s i s .  In  two s t r a i n s  o f  E m il la n ia  h u x le y i  n i t r o g e n  d e f ic ie n c y  
(a  common e x p e r ie n c e  o f  m a rin e  p la n k to n ic  a lg a e  a c c o rd in g  to  V a c c a ro , 
1965) in d u c e d  a  change from  e i t h e r  l a c k  o f  c a l c i f i c a t i o n  o r  th e  fo rm a tio n  
o f  c a l c i t e  c o c c o l i t h s ,  to  th e  fo rm a tio n  o f  c o c c o l i t h s  o f  m ixed a r a g o n i t e ,  
c a l c i t e ,  and v a t e r i t e ;  t h e  p r o p o r t io n s  o f  each  m in e r a l  w ere  d e p e n d e n t on 
te m p e ra tu re .  An a p p r e c ia b le  num ber o f  i n h i b i t o r s  and n a t u r a l  compounds 
su ch  a s  10 Ca+^ , 10 S i  B a ^ ,  and 2 - a c e t y l - l ,  3 , 4 - th I o d i a z o le  5 -
su lfo n a m id e -so d iu m  (Diamox) w ith  v a ry in g  am ounts o f  l a c t a t e  w ere  d i s ­
c o v e re d  by I s e n b e rg  and L av in e  (1969 ) to  I n t e r f e r e  w ith  th e  d e p o s i t io n  
o f  m in e r a ls  d u r in g  c o c c o l i t h  fo rm a t io n .  In  g e n e r a l ,  th e y  found  t h a t  th e  
s u b s t i t u t i o n  o f  o rg a n ic  a c i d s ,  p a r t i c u l a r l y  am ino a c i d s ,  su c h  a s  p r o l i n e ,  
h y d ro x y p ro lin e  and t y r o s in e  f o r  l a c t a t e  and  n i t r o g e n  compounds le d  to  
e i t h e r  in c r e a s e d  p r o l i f e r a t i o n  o f  c e l l s  w ith  d e c re a s e d  o r  i n h i b i t e d  
c o c c o l i t h o g e n e s l s  o r  to  a  s lo w in g  o f  g row th  a c t i v i t i e s  w ith  enhanced  
c o c c o l i t h  p r o d u c t io n .  A lth o u g h  some v a r i a t i o n  in  m in e r a l  c o m p o s itio n  
h a s  b een  o b s e rv e d , th e  v a s t  m a jo r i ty  o f  l i v i n g  and f o s s i l  c o c c o l i t h s  
a r e  com posed o f  low -m agnesium  c a l c i t e  (B la c k , 19 6 3 ).
The m orphology  o f  in d i v id u a l  c o c c o l i t h s  o f  E m il la n ia  h u x le y i  
a p p a r e n t ly  i s  c o n t r o l l e d  by th e  w a te r  te m p e ra tu re  i n  w hich th e  p o p u la t io n  
d e v e lo p s  (W atabe and W ilb u r , 1966; M c In ty re  and Be, 1 9 6 7 ). T hese a u th o r s  
show t h a t  c o ld  w a te r  fo rm s have  few er s t r u c t u r a l  e le m e n ts  i n  th e  two 
p l a c o l i t h  r im s  th a n  th e  warm w a te r  fo rm s and th e  p ro x im a l s h i e l d  i s  
s o l i d  r a t h e r  th a n  an  open  g r i l l .  W ater te m p e ra tu re  p ro b a b ly  h a s  a 
d i r e c t  e f f e c t  on a l l  m e ta b o lic  p r o c e s s e s  a s s o c ia t e d  w ith  c o c c o l i t h o -  
g e n e s i s .  B la ck  (1972) c o n s id e r s  th e  m orphology  o f  th e  c r y s t a l s  s e c r e t e d  
by D is c o a s te r a c e a e  and B ra a ru d o sp h a e ra c e a e  to  b e  " p e rh a p s  c o n n e c te d  w ith  
b io c h e m ic a l  p e c u l a r i t i e s  w h ich  a r e  c o n s ta n t  i n  any  g iv e n  s p e c i e s ,  b u t
6v a ry  from  one s p e c ie s  t o  a n o th e r  and  from  one f a m ily  to  a n o th e r .  Looked 
a t  In  t h i s  w ay, s t r u c t u r a l  d e t a i l s  o f  th e  c r y s t a l l i n e  s k e le to n  may be 
e x p e c te d  to  r e f l e c t  b io c h e m ic a l  c h a r a c t e r s  a t  p r e s e n t  unknown, b u t  l i k e l y  
to  have  an  im p o r ta n t  b e a r in g  upon th e  taxonom y o f  th e s e  o rg a n is m s ."
B la ck  (1972) a l s o  s u g g e s ts  t h a t  s m a l l - s c a le  s t r u c t u r a l  p e c u l a r i t i e s  
b u i l t  i n t o  th e  m in e ra l  s u b s ta n c e  o f  p e n t a l i t h s  d u r in g  th e  l i f e t i m e  o f 
th e  o rg an ism  may c a u se  th e  o b se rv e d  In d e p e n d e n t b e h a v io r  o f  t h r e e  
c r y s t a l l o g r a p h i c a l l y  i n d i s t i n g u i s h a b l e  c le a v a g e s  d u r in g  f r a c t u r e ,  s o lu ­
t i o n  and c o r r o s io n  o f  th e  f o s s i l .  He s t a t e s  " th e  s t r u c t u r a l  and c r y s t a l -  
lo g r a p h i c a l  d i f f e r e n c e s  be tw een  th e  D is c o a s te r a c e a e  and 
B ra a ru d o s p h a e ra c e a e  c l e a r l y  r e s u l t  from  b i o l o g i c a l  c o n t r o l s  w hich  th e  
l i v i n g  c e l l s  w ere  a b le  to  e x e r t  o v e r  th e  c r y s t a l l i z a t i o n  o f  c a l c i t e  and 
t h a t  b io c h e m ic a l  c o n d i t io n s  w i th in  th e  c e l l  e n a b le d  th e  o rg an ism  to  
d i f f e r e n t i a t e  be tw een  c r y s t a l l o g r a p h i c  d i r e c t i o n s  t h a t  a r e  i n d i s t i n g u i s h ­
a b le  a c c o rd in g  to  in o r g a n ic  law s t h a t  p r o p e r t i e s  o f  c a l c i t e  ca n  be 
m o d if ie d  w ith o u t  i n t e r f e r i n g  w i th  th e  c r y s t a l  l a t t i c e . "
The s y n th e s i s  o f  new o rg an ism s  i s  d e p e n d e n t on th e  a c c u m u la tio n  o f 
new b u i ld in g  m a t e r i a l s  by p h o to s y n th e s i s  and th e  u t i l i z a t i o n  o f  n u t r i e n t s  
( R i l e y ,  1 9 4 1 ). B io lo g ic a l  s t u d i e s  on th e  i n f lu e n c e  o f  th e  p r e s e n c e  o f 
v a ry in g  am ounts o f  n u t r i e n t s ,  l i g h t ,  and g e n e r a l  w a te r  c h e m is try  on th e  
fo rm a tio n  o f  c o c c o l i t h s  a r e  rev ie w e d  by P a asch e  (1968) and  sum m arized by 
A lle n  (1969) and Boney (1 9 7 0 ) .
W atabe (1967) r e p o r te d  t h a t  th e  p ro d u c t io n  o f  c o c c o l i t h s  ta k e s  
p la c e  w i th in  th e  v a c u o le  o f  th e  c e l l .  M anton and  P e t e r f i  (1969) 
d e m o n s tra te d  t h a t  c o c c o l i t h s  can  form  i n s i d e  c l s t e m a e  w i th in  th e  g o lg i  
a p p a ra tu s  o f  th e  c e l l .  P ie n a a r  (1969) s u g g e s te d  t h a t  c o c c o l i t h s  a r e  n o t  
form ed by th e  g o lg i  a p p a ra tu s  b u t  i n  an  o r g a n e l l e  w h ich  he  te rm ed  th e
I n t r a c e l l u l a r  C o c c o l i th  P r e c u r s o r  ( IC P ). F ran k e  and  Brown (1971) 
d e te rm in e d  t h a t  th e  g o lg i  a p p a r a tu s  p ro d u c e s  a  b a s ic  f i b r i l l a r  n e tw o rk  
o f  a  s t r u c t u r a l  p o ly s a c c h a r id e  ( o r g a n ic  body s c a l e )  w h ich  i s  s e c r e t e d  
e x o c y t o t i c a l l y  in t o  th e  c e l l  w a l l .  S t r u c t u r a l  v a r i a b i l i t y  o f  th e  un­
m in e r a l iz e d  body s c a l e ,  th e n ,  w ould b e  r e f l e c t e d  by m in e r a l  p ro d u c ts  
w h ich  a r e  d e p o s i te d  upon t h i s  o rg a n ic  s u b s t r a t e .  The m orphology  o f 
c o c c o l i t h s  i s  d e p e n d e n t on th e  b io c h e m ic a l ly  c o n t r o l l e d  d e p o s i t io n  o f 
c a l c i t e  on th e  p r e a r ra n g e d  o rg a n ic  body s c a l e  d u r in g  th e  m a tu r a t io n  and 
m ig r a t io n  o f  th e  g o lg i  c i s t e r n a e  o r  v e s i c l e s .  K la v e n e ss  (1972a) 
d i s c u s s e s  and i l l u s t r a t e s  th e  c o m p le te  p r o c e s s  o f  c o c c o l i th o g e n e s l s  f o r  
E m il la n ia  h u x le y i .
The fo rm a tio n  o f  c o c c o l i t h s  by a  c o c c o l i th o p h y te  a p p e a rs  n o n -  
e s s e n t i a l  f o r  s u r v i v a l  and  p r o l i f e r a t i o n  o f  th e  c e l l  b u t  i s  engaged  in  
o n ly  when e n v iro n m e n ta l  and p h y s io lo g i c a l  c o n d i t io n s  a r e  f a v o r a b le  and 
q u i t e  n a r ro w ly  d e f in e d  ( I s e n b e rg  and  L a v in e , 1 9 6 9 ). K la v e n e ss  and 
P a a sc h e  (1970) i l l u s t r a t e  c lo n e s  o f  c o c c o l i th - f o r m in g  c e l l s ,  n o n -  
c o c c o l i t h  fo rm in g  nak ed  c e l l s ,  and n o n - c o c c o l i t h  fo rm in g  o r g a n ic  s c a le  
c o v e re d  c e l l s  o f  E m il ia n ia  h u x le y i . A b e r ra n t  E. h u x le y i  c e l l  ty p e s  a r e  
d e s c r ib e d  by K la v e n e ss  (1 9 7 2 b ). The p o s s i b l e  f u n c t io n s  o f  th e  
c o c c o l i t h  a s  a  c e l l u l a r  com ponent a r e  d i s c u s s e d  by G a r tn e r  and  Bukry 
(1 9 6 9 ) . They p o s t u l a t e  t h a t  c o c c o l i t h s  may s e r v e  a s  f l o a t i n g  o r  
b a l l a s t i n g  m echan ism s, s t a b i l i z e r s ,  p r o t e c t i v e  a rm o r, m e ta b o lic  b a r r i e r s  
( s e e  Hay, 1 9 6 8 ), s h i e l d s  a g a i n s t  in t e n s e  l i g h t  ( s e e  a l s o  B ra a ru d  e t  a l . , 
1952; I s e n b e rg  e t  a l . , 1 9 6 3 ) , m e ta b o lic  b y p ro d u c ts  (P a a s c h e , 1965) and 
a s  le n s e s  c a p a b le  o f  fo c u s in g  s u n l i g h t  on c h l o r o p l a s t s .  I s e n b e rg  a t  a l . 
(1 9 6 4 , 1967) s t a t e  c o c c o l i t h s  r e s u l t  from  c a rb o n a te  d e t o x i f i c a t i o n  
th ro u g h  c a lc iu m  f i x a t i o n .  A f te r  o p tim a l c o n d i t io n s  w ere  d e te rm in e d  f o r
8th e  g row th  o f  E m il la n la  h u x le y l  and C r ic o a p h a e ra  c a r t e r a e . B la n k le y
(1971) s u g g e s te d  c o c c o l i t h s  a r e  l i g h t - s c a t t e r i n g  a g e n ts*  s e r v in g  to  
I n c r e a s e  th e  p a th  le n g th  o f  l i g h t  p a s s in g  th ro u g h  a  d i l u t e  c e l l  
s u sp e n s io n  th e re b y  I n c r e a s in g  th e  p r o p o r t io n  o f  l i g h t  a b so rb e d  by  th e  
c e l l s  b e f o r e  I t  i s  l o s t  from  th e  sy s te m . B la n k le y  (1971) c o n c lu d ed  
th e r e  was no a b s o lu t e  r e q u ire m e n t f o r  l i g h t ,  n e i t h e r  in  c o c c o l i t h o -  
g e n e s is  n o r  i n  any  o th e r  m e ta b o lic  p r o c e s s .
M o rp h o lo g ic a l v a r i a b i l i t y  In c lu d e s  n o t  o n ly  u l t r a s t r u c t u r e  o f  a  
s i n g l e  c o c c o l l t h  b u t  a l s o  polym orph ism  o v e r  th e  c e l l  w i th in  a  s in g l e  
s t a g e  o f  th e  l i f e  c y c le  o f  a  c o c c o l i th o p h y te .  In  a d d i t i o n ,  P a rk e  and 
Adams (1960) showed t h a t  C r y s t a l l o l i t h u s  h y a l in u s  was a  h o lo c o c c o l i th  
b e a r in g ,  m o t i l e - c o c c o l i th o p h y te  p h a se  o f  th e  im m obile  h e t e r o c o c c o l i t h  
C o c c o l i th u s  p e l a g i c u s . T h is  l i f e  c y c le  d im orph ism  h a s  b een  d e m o n s tra te d  
f o r  C r ic o s p h a e ra  c a r t e r a e  and O c h ro sp h a e ra  v e r r u c o s a  ( L e f o r t ,  1 9 7 1 ).
The r a t e  o f  fo rm a tio n  o f  c o c c o l i t h s  a s  w e l l  a s  th e  num ber o f  c o c c o l i t h s  
p ro d u ced  d u r in g  th e  l i f e t i m e  o f  th e  c e l l  may v a ry  from  s p e c ie s  to  s p e c ie s  
d ep en d in g  on e n v iro n m e n ta l  c o n d i t io n s .  H ow ever, i t  sh o u ld  be  n o te d  t h a t  
a l th o u g h  v a r i a b l e  th e  a c t u a l  num ber o f  c o c c o l i t h s  p ro d u ced  and t h e i r  
m orphology  f o r  a  g iv e n  ta x o n  rem a in  r e l a t i v e l y  s t a b l e  a t  any  g iv e n  tim e  
w i th in  a s i n g l e  s t a g e  o f  th e  l i f e  c y c le .
The s o u rc e s  o f  v a r i a t i o n  a s s o c ia t e d  w ith  c o c c o l i th o g e n e s i s  a r e  
p r im a r i ly  known from  l a b o r a to r y  s t u d i e s  o f  c u l tu r e d  c lo n e s .  A ssum ptions 
b ased  on th e s e  d a t a  may r e p r e s e n t  b ia s  when t r y i n g  to  a p p ly  th e  r e s u l t s  
o f  th e s e  e x p e r im e n ts  to  no rm al p o p u la t io n s  l i v i n g  u n d e r  n a t u r a l  
o c e a n o g ra p h ic  c o n d i t io n s .
9E n v iro n m e n ta l i n t e r a c t i o n s  o f  v i a b l e  c e l l s
Some s u c c e s s  was a c h ie v e d  b y  E pp ley  e t  a l .  (1969) in  p r e d i c t i n g  th e  
c o m p e t i t iv e  a d v a n ta g e s  o f  one s p e c ie s  o f  p h y to p la n k to n  o v e r a n o th e r  by 
c a l c u l a t i n g  s p e c i f i c  g row th  r a t e s  a s  f u n c t io n s  o f  n i t r a t e  and ammonium 
c o n c e n t r a t io n s  f o r  s p e c ie s  w ith  known r e s p o n s e s  t o  tu n g s te n  l i g h t  
l r r a d i a n c e ,  te m p e ra tu re ,  and  d a y - le n g th .  T h e ir  d a ta  o f  s p e c ie s  t e s t e d  
show E m il ia n ia  h u x le y i  to  be  th e  b e s t  c o m p e ti to r  among th e  l i v i n g  ocean  
p la n k to n .  A lle n  (1969) s u g g e s te d  t h a t  d i f f e r e n t  e c o p h e n o ty p ic  r a c e s  o f  
E m il ia n ia  h u x le y i  o c c u r  b e c a u se  o f  w ide p h y s io lo g i c a l  t o l e r a n c e s  to  
te m p e ra tu r e ,  s a l i n i t y ,  and n u t r i e n t s  i n  In s h o re  and o f f s h o r e  w a te r  
m a sse s . A f te r  a  c o m p le te  o rg a n ic  c h e m ic a l a n a l y s i s  o f  c e l l s  o f  IS. 
h u x le y i  and C r ic o s p h a e ra  c a r t e r a e  sh e  s u g g e s te d  t h a t  th e  f a c t o r s  a f f e c t ­
in g  c o c c o l i th o p h y te  g row th  w ere te m p e ra tu re ,  l i g h t ,  s a l i n i t y ,  and 
n u t r i e n t s .  H e l l e b u s t  (1965) showed t h a t  C r ic o s p h a e ra  c a r t e r a e  d iv id e s  
in  l a b o r a to r y  c u l t u r e s  a t  a  f a s t e r  r a t e  u n d er m ore i n t e n s e  l i g h t i n g  
c o n d i t io n s .
A cco rd in g  to  H u lb u r t  (1970) eac h  a l g a l  c e l l  i n  a  p la n k to n ic  popu­
l a t i o n  may be v i s u a l i z e d  a s  th e  c e n t e r  o f  a  n u t r i e n t - d e p l e t e d  volum e o f  
w a te r  w ith  th e  d e g re e  o f  d e p l e t io n  d im in is h in g  o u tw ard  from  th e  c e l l .
As lo n g  a s  th e  n u t r i e n t  d e p le te d  zones a ro u n d  th e  c e l l s  a r e  d i s t a n t  
from  each  o t h e r ,  f u l f i l l m e n t  o f  th e  n u t r i e n t  re q u ire m e n t  o f  a  s p e c ie s  
c a n n o t be  d i r e c t l y  c u r t a i l e d  by th e  g row th  o f  a n o th e r  fo rm . H owever, 
once  th e  n u t r i e n t  d e p le te d  zones c o a l e s c e ,  g row th  i n h i b i t i o n  may o c c u r  
w ith  th e  dom inance o f  a s i n g l e  w e l l  a d a p te d  s p e c i e s .
M a rs h a ll  (1969) i n v e s t i g a t e d  th e  s p a t i a l  c o n c e n t r a t io n s  o f 
p h y to p la n k to n  in  A t l a n t i c  w a te rs  o v e r  th e  c o n t in e n ta l  s h e l f  and s lo p e  
o f  th e  s o u th e a s te r n  U n ite d  S t a t e s  and  o b se rv e d  t h a t  d ia to m s  do m in a ted
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in  s h e l f  w a te r s ,  w h ile  c o c c o l l th o p h y te s  and  p y r ro p h y te s  d o m in a ted  in  
th e  G u lf S tream . A lso  H u lb u r t  (1970) found  t h a t  A t l a n t i c  d ia to m s  
d o m in a ted  on th e  c o n t in e n ta l  s h e l f  and  c o c c o l l th o p h y te s  w ere m ost common 
in  open  m a rin e  w a te r s .  B o th  M a rs h a ll  and  H u lb u r t  d e m o n s tra te d  t h a t  
c o c c o l l th o p h y te s  a r e  th e  m a jo r p h y to p la n k to n  i n  th e  S a rg a s so  Sea.
H u lb u r t  and Corw in (1972) found  t h a t  i n  t h e  G u lf o f  M ex ico , w here  
p h y to p la n k to n  c e l l  d e n s i t i e s  I n c r e a s e ,  t h e r e  i s  a  s h i f t  from  
c o c c o l i th o p h y te  dom inance to  d ia to m  d o m in an ce . Below c e l l  c o n c e n t r a -  
t l o n s  o f  10/cm h a l f  o f  t h e i r  sam p les  c o n ta in  40% o r  m ore E m il ia n ia  
h u x le y i  and d ia to m s  made up o n ly  8% o f  th e s e  p o p u la t io n s .  Above c e l l  
c o n c e n t r a t io n s  o f  10/cm^ o v er h a l f  o f  th e  sam p le s  s tu d ie d  c o n ta in e d  
40% o r  m ore d ia to m s  and a  l e s s e r  p r o p o r t io n  o f  IS. h u x le y i . C o c c o l i th o -  
p h y te s  o th e r  th a n  E. h u x le y i  and a l l  d in o p h y c e a e  e x h ib i te d  n o  l o c a t i o n a l  
d i f f e r e n c e s  o f f  th e  m outh o f  th e  M is s i s s i p p i  R iv e r .
A cco rd in g  to  B raa ru d  (1 9 5 1 ) , s p e c ie s  o f  S y ra c o s p h a e ra  a r e  
e u r y h a l in e  and h a v e  h ig h e s t  r a t e s  o f  r e p r o d u c t io n  in  h ig h  s a l i n i t i e s .  
O 'B r ia n  (1972) d is c u s s e d  th e  l i m i t i n g  f a c t o r s  o f  p h y to p la n k to n  a lg a e  
p r o d u c t io n  and co n c lu d e d  t h a t  g ro w th  and  p h o to s y n th e s i s  r a t e s  v a ry  w ith  
ch an g es  i n  te m p e ra tu r e ,  i n t e n s i t y  o f  l i g h t ,  and  c o n c e n t r a t i o n s  o f 
v i t a m in s ,  p h o s p h o ru s , and n i t r o g e n .
V argo (1968) co n c lu d ed  t h a t  t r e n d s  i n  th e  v a r i a t i o n  i n  v e r t i c a l  
d i s t r i b u t i o n  o f  p h y to p la n k to n  in  th e  F lo r id a  S t r a i t s  can  b e  a t t r i b u t e d  
to  d eep  s u r f a c e  m ix in g , s u b s u r f a c e  p o c k e ts  o f  m ix in g , and  v e r t i c a l  w a te r  
m ovements o v e r a  s h a llo w  ra n g e  o f  d e p th .  I t  was s u g g e s te d  by C o rco ran  
and A lex an d e r (1963 ) t h a t  th e  p re s e n c e  o r  a b se n c e  o f  a  th e rm o c lin e  may 
h av e  an  e f f e c t  upon th e  re n e w a l o f  n u t r i e n t s  and th u s  c a u s e  an  in c r e a s e  
o r  d e c r e a s e  i n  p h y to p la n k to n  g ro w th .
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Bukry (1974) d e m o n s tra te d  t h a t  c o c c o l i t h s  may b e  u sed  a s  p a le o -  
s a l i n i t y  i n d i c a t o r s  i n  th e  B la ck  S ea . He s u g g e s te d  t h a t  ch an g e s  in  
b o tto m  s e d im e n t s t r a t i g r a p h y  show a  ch an g e  from  a  c o n d i t io n  i n  w hich  
o n ly  f o s s i l  c o c c o l i t h s  e ro d e d  from  ro c k  o u tc ro p s  s u r ro u n d in g  th e  B la ck  
Sea w ere  d e p o s i te d  to  a  c o n d i t io n  i n  w hich H olocene c o c c o l l th o p h y te s  
w ere  a b u n d a n t i n  th e  s u r f a c e  w a te r ,  p ro d u c in g  a  r a i n  o f  c o c c o l i t h s  to  
th e  b o tto m . M arine  s a l i n i t i e s  n e c e s s a r y  f o r  minimum g row th  o f  th e  m ost 
t o l e r a n t  H o locene  s p e c ie s  E m il ia n ia  h u x le y i  (> 1 .1% ), d id  n o t  e x i s t  
d u r in g  th e  d e p o s i t io n  o f  th e  o l d e s t  b ed s b e c a u se  th e  B la ck  Sea was 
p h y s i c a l ly  i s o l a t e d  from  th e  m a rin e  e n v iro n m e n t. A ls o , Bukry (1974) 
s t a t e s  t h a t  th e  a b se n c e  o f  B ra a ru d o sp h a e ra  b lg e lo w i from  H o locene B la ck  
Sea sam p les  i n d i c a t e s  n o rm al m a rin e  s a l i n i t i e s .  H is h y p o th e s is  i s  
s u p p o r te d  by e v id e n c e  from  l i v i n g  c o c c o l i th o p h y te  p o p u la t io n s  o f  o th e r  
a r e a s  w here  13. b ig e lo w i i s  m ost c o n c e n tr a te d  i n  c o a s t a l  w a te r s  o f  low 
s a l i n i t y .  H u lb u r t  and Rodman (1963) found  R h ab d o sp h aera  s t y l i f e r a  and 
U m b ilic o sp h a e ra  m i r a b i l i s  in  s a l i n i t i e s  above 3.45% o n ly  and B, b ig e lo w i 
o n ly  be low  3.4% betw een  s o u th e rn  New E ngland  and Berm uda. H a s le  (1959 , 
1960) r e p o r te d  no 13. b ig e lo w i among 34 s p e c ie s  o f  c o c c o l l th o p h y te s  from  
th e  e q u a t o r i a l  to  s u b a n t a r c t i c  P a c i f i c  O cean. S tu d ie s  o f  s e a - s u r f a c e  
and  b o tto m -se d im e n t sam p les  from  th e  In d ia n  and  P a c i f i c  o c e a n s  by 
U shakova (1 9 6 7 , 1969) f a i l e d  to  f in d  B. b ig e lo w i .
M cIn ty re  and Be (1967) b io g e o g r a p h ic a l ly  zoned th e  A t l a n t i c  Ocean 
b ased  on c o c c o l l th o p h y te s .  A cco rd in g  to  them th e  d i s t r i b u t i o n  o f  m odem  
c o c c o l l th o p h y te s  can  b e  r e l a t e d  to  w a te r  te m p e ra tu re  and s a l i n i t y .
T h e ir  T r o p ic a l  A t l a n t i c  n a n n o f lo r a  i s  d e f in e d  by th e  h ig h  r e l a t i v e  
abundance  o f  U m b e llo sp h ae ra  i r r e g u l a r i s  w ith  C y c l o l i t h e l l a  a n n u la , 
C y c lo c o c c o l i th in a  f r a g i l i s , and  U m b ello sp h ae ra  t e n u i s  ty p i f y in g  th e
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f l o r a  be tw een  10°S and 20°N l a t i t u d e s  and w i th in  th e  G u lf S tream  to  
40°N l a t i t u d e .  T h e ir  S u b t r o p ic a l  f l o r a  i s  c h a r a c te r i z e d  by 
U m b ello sp h ae ra  t e n u i s , R habdosphaera  s t y l i f e r a , D ls c o s p h a e ra  t u b i f e r a , 
C y c l o l i t h e l l a  a n n u la ,  and in  c o o le r  a r e a s  by  G ephyrocapsa  o c e a n ic a  and 
U m b ilic o sp h a e ra  m i r a b i l i s , a s  D ls c o s p h a e ra  t u b i f e r a  and C. a n n u la  
d im in is h  in  im p o rta n c e  betw een  20°N and  40°N l a t i t u d e .  The 
T r a n s i t i o n a l  n a n n o f lo r a  from  35°N to  40°N l a t i t u d e  on th e  W est A t l a n t i c  
and  from  35°N to  65°N l a t i t u d e  on th e  e a s t e r n  s id e  i s  m arked by an 
in c r e a s e  in  dom inance o f  p l a c o l i t h s  su ch  a s  G ephyrocapsa k a m p tn e r l 
( e r i c s o n i i ) , j i .  h u x le y i , and C y c lo c o c c o l i th in a  l e p to p o r a , and th e  
a p p e a ra n c e  o f  C o c c o l i th u s  p e la g ic u s  i n  c o ld e r  w a te r s .  £ .  p e la g ic u s  i n  
th e  N o rth  A t l a n t i c  to d a y  r e p r e s e n t s  s u b a r c t i c  e n v iro n m e n ta l c o n d i t io n s  
and t y p i f i e s  M cIn ty re  and B e 's  l im i t e d  S u b a r c t i c - S u b a n ta r c t i c  n a n n o f lo r a .  
jS. h u x le y i  and C^ . l e p to p o r a  may b e  p r e s e n t  a s  a  m inor f l o r a l  c o n s t i t u e n t  
in  th e  so u th e rn m o s t s u b p o la r  a r e a s .  No c o c c o l i t h s  a r e  known to  l i v e  in  
p o la r  w a te r s .
Im m ediate  p o s t-m o rtu m  e f f e c t s
Upon d e a th ,  th e  c o c c o l i t h  c o v e r in g  o f  a  c e l l  may e i t h e r  d i s a r t i c u ­
l a t e  o r  rem a in  i n t a c t  a s  a  c o c c o sp h e re  d e p en d in g  on th e  o r i g i n a l  
m orphology  o f  th e  c e l l  and th e  d e g re e  o f  i n t e r l o c k i n g  o f  i t s  s k e l e t a l  
e le m e n ts .  A c tin g  a s  a  b io g e n ic  su sp en d ed  s e d im e n ta ry  p a r t i c l e  a t  t h i s  
p o i n t ,  a  c o c c o l i t h  o r  c o c c o sp h e re  can  be  a l t e r e d  beyond r e c o g n i t io n  o r  * 
d e s t r o y e d ;  i t  can  rem a in  f ix e d  in  s u sp e n s io n  o r  become l a t e r a l l y  t r a n s ­
p o r te d  w i th in  th e  w a te r  co lum n, o r  i t  can  s in k  to  th e  b o tto m  and become 
in c o rp o r a te d  I n to  th e  s e d im e n ta ry  r e c o r d .  The v a r io u s  pa thw ays a  
c o c c o l i t h  may f o l lo w  from  th e  tim e  I t  i s  a  l i v i n g  c e l l  u n t i l  i t s
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u l t i m a t e  b u r i a l  on th e  b o tto m  o f  th e  ocean  a r e  o u t l in e d  by S chnelderm ann
(1 9 7 2 ) .
F r e t t e r  and M ontgomery (1968) s tu d ie d  th e  f e e d in g  h a b i t s  o f  c e r t a i n  
m o llu s c  l a r v a e  on f l a g e l l a r  p h y to p la n k to n .  D ig e s t io n  by th e  la r v a e  o f  
c o c c o l i t h - b e a r in g  c e l l s  showed a  p h y s ic a l  w eaken ing  o f  th e  a l g a l  c e l l s  
fo llo w in g  r o t a t i o n  a g a i n s t  th e  g a s t r i c  s h i e l d  b u t  no d i s s o l u t i o n  o f  th e  
c o c c o l i t h s  even  a t  a  g a s t r i c  f l u i d  pH o f  6 .5 .  The f a e c a l  p e l l e t s  o f 
C a lan u s  r e a r e d  on S y ra c o sp h a e ra  e lo n g a ta  w ere "p ack ed  f u l l  o f  
c o c c o l i t h s "  (M a rs h a ll  and  O rr ,  1956, p .  5 9 3 ) , y e t  e x a m in a tio n  o f  th e  
c o n te n ts  o f  300 p la n k to n  f a e c a l  p e l l e t s  h a s  d e m o n s tra te d  t h a t  in g e s te d  
s i l i c e o u s  c e l l s  may be u n re c o g n iz a b le  due to  d i s s o l u t i o n .  A lso , B ern a rd
(1963) r e p o r t s  t h a t  z o o p la n k to n  f a e c a l  p e l l e t s  exam ined by him have been  
" t r e s  r i c h e s  en c o c c o l i t h e s . " Many p h y to p la n k to n  re m a in s  a r e  b ro k en  up 
i n t o  s m a l l  f ra g m e n ts  (H a r t ,  1934, 1942; M a rs h a l l  and O r r ,  1955, 1956; 
L i s i t z i n  e t  a l . , 1 9 6 7 ). The s e q u e n t i a l  p a s s a g e  o f  p h y to p la n k to n  re m a in s  
from  p e l l e t  to  p r e d a to r  o r  s c a v e n g e r  to  f a e c a l  p e l l e t  ad^ in f i n i t u r n , 
in c r e a s e s  th e  p r o b a b i l i t y  o f  e v e n tu a l  a l t e r a t i o n  o f  th e  o r i g i n a l  con­
sumed c o c c o l i th o p h y te .  I t  may f u r t h e r  be  assum ed t h a t  u n d e r c e r t a i n  
c o n d i t io n s  any  d e c r e a s e  i n  p a r t i c l e  s i z e  w ould f i r s t l y  in c r e a s e  th e  
c h an c es  o f  th e  c o c c o l i t h  re m a in in g  in  th e  w a te r  colum n f o r  a  lo n g e r  tim e  
a s  a  su sp e n d ed  p a r t i c l e ,  and se c o n d ly  ex p o se  m ore s u r f a c e  a r e a  p e r  u n i t  
volum e th u s  in c r e a s in g  th e  p r o b a b i l i t y  o f  d i s s o l u t i o n  i n  c o r r o s iv e  w a te r s .
I t  I s  e v id e n t  t h a t  c u r r e n t s  do e f f e c t  to  some d e g re e ,  th e  d i s t r i b u ­
t i o n  o f  su sp e n d ed  p h y to p la n k to n  re m a in s  i n  m a rin e  w a te r s  b e c a u se  o f  th e  
e x i s t e n c e  o f  t r a n s i t i o n  zo n es be tw een  m a jo r p h y to p la n k to n  p ro v in c e s  
(M c In ty re  and  B e, 1967; and  U shakova, 1 9 7 1 ). H ow ever, a s  y e t  no d e t a i l e d  
s t u d i e s  o f  th e  s p e c i f i c  r o l e  t h a t  l a t e r a l  t r a n s p o r t  may p la y  i n  th e
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d i s t r i b u t i o n  o f  c o c c o l i t h s  h av e  b een  m ade.
The m e ch an ic s  o f  s u s p e n s io n  and s in k in g  o f  p h y to p la n k to n  i n  th e  
ocean  w ere  re v ie w e d  by Smayda (1970) and L i s i t z i n  (1 9 7 2 ) . A cco rd in g  to  
Smayda (1970) th e  s u s p e n s io n  and s in k in g  o f  a  p h y to p la n k to n  i s  d ep e n d e n t 
on c e l l  m orphology  and p h y s io lo g y , and c e r t a i n  p h y s ic a l  o c e a n o g ra p h ic  
p a r a m e te r s .  C e l l  s i z e ,  s h a p e , co lo n y  fo rm a t io n ,  and th e  p re s e n c e  o r  
ab se n c e  o f  p ro tu b e ra n c e s  a l l  a f f e c t  s in k in g  r a t e s  (E p p ley  e t  a l . , 1967; 
and Smayda, 1 9 7 0 ). Munk and R i le y  (1952) d e m o n s tra te d  t h a t  th e  e f f e c t  
o f sh a p e  on s e t t l i n g  v e l o c i t y  i s  s iz e - d e p e n d e n t .  U sing  th r e e  sh ap e  
g ro u p s  ( p l a t e ,  c y l i n d e r ,  and s p h e re )  th e y  fo u n d , i n  o rd e r  o f  d e c r e a s in g  
s in k in g  r a t e ,  t h a t  f o r  p a r t i c l e s  f i v e  m ic ro m e te rs  i n  d ia m e te r  th e  o rd e r  
i s  p l a t e  > c y l in d e r  > s p h e re ;  f o r  p a r t i c l e s  f i f t y  m ic ro m e te rs  in  
d ia m e te r  i t  i s  c y l in d e r  ^  p l a t e  > s p h e re ;  w h ile  f o r  p a r t i c l e  d ia m e te r s  
o f  f i v e  h u n d red  m ic ro m e te rs  i t  i s  c y l in d e r  > s p h e re  > p l a t e .  Smayda
(1970) s u g g e s te d  t h a t  c e l l  s u s p e n s io n  and s in k in g  may b e  m ore q u ic k ly  
a l t e r e d  by p h y s io lo g i c a l  m echanism s su ch  a s  f a t  a c c u m u la tio n  and 
r e g u l a t i o n  o f  th e  io n i c  c o m p o s itio n  o f  th e  v a c u o la r  c e l l  sa p  th a n  by 
re s p o n s e s  to  m o rp h o lo g ic a l  m echan ism s. Two p r i n c i p l e  p h y s ic a l  f a c t o r s  
a r e  In v o lv e d  i n  p h y to p la n k to n  s u s p e n s io n :  v i s c o s i t y  and movement o f
w a te r  (Sm ayda, 1970; s e e  a l s o  E pp ley  e t  a l . , 1967; and  Smayda, 1 9 7 1 ).
The s e t t l i n g  v e l o c i t i e s  o f  c o c c o l i t h s  a r e  r e l a t i v e l y  s lo w .
B ra m le tte  (1961) and L i s i t z i n  (1972) h av e  e s t im a te d  t h a t  a  f i v e  m icrom ­
e t e r  d ia m e te r  c o c c o l i t h  w ould r e q u i r e  a  minimum o f  te n  y e a r s  to  s in k  
5 ,0 0 0  m e te r s .  S e t t l i n g  v e l o c i t i e s  f o r  s e v e r a l  A t l a n t i c  c o c c o l i t h  
s p e c ie s  a r e  g iv e n  by H u lb u r t  (1 9 7 0 ) . E x p e r im e n ta l s t u d i e s  on c a l c i t e  
d i s s o l u t i o n  i n  s e a w a te r  ( P e te r s o n ,  1966; B e rg e r ,  1967) d e m o n s tra te d  
d i s s o l u t i o n  o f  I c e la n d  s p a r  s p h e re s  and f o r a m i n i f e r i d a  t e s t s  a t  th e  r a t e
15
o f  a p p ro x im a te ly  one m ic ro m e te r  o f  c a l c i t e  p e r  y e a r  f o r  w a te r  d e p th s  
g r e a t e r  th a n  3 ,6 0 0  to  4 ,0 0 0  m e te r s .  T h is  le d  P e te r s o n  to  c o n c lu d e  t h a t  
s lo w ly  s e t t l i n g  c o c c o l i t h s  would l a r g e l y  b e  d is s o lv e d  d u r in g  th e  tim e  
n eeded  to  s e t t l e  th ro u g h  th e  w a te r  colum n o f  an  o cean  b a s in .  A 
m echanism  w hich  may i n h i b i t  o r  p r e v e n t  d i s s o l u t i o n  seem s n e c e s s a r y  to  
a c c o u n t f o r  th e  s e d im e n ta t io n  o f  c o c c o l i t h  o o z e s .  S e v e ra l  i n h i b i t o r y  
f a c t o r s  s u g g e s te d  by Schneiderm ann  (1972) in c lu d e  a c c e l e r a t e d  s in k in g ,  
o rg a n ic  p r o t e c t i v e  c o a t in g s ,  and r a p id  b u r i a l .
A sid e  from  th e  n o rm al s in k in g  p r o p e r t i e s  o f  p h y to p la n k to n  and  t h e i r  
re m a in s ,  fo u r  m echanism s have been  s u g g e s te d  by Smayda (1970) w hich 
a c c e l e r a t e  s in k in g  r a t e s ,  nam ely  d e n s i ty  in v e r s io n  c u r r e n t s ,  a g g re g a ­
t i o n ,  d o w n w e llln g , and d e s c e n t  i n  f a e c a l  p e l l e t s .  D e n s ity  in v e r s io n  
p lum es r e s u l t i n g  from  p h y to p la n k to n  bloom  g ro w th , i f  e v e r  p r e s e n t ,  a r e  
th o u g h t to  b e  p r im a r i ly  r e s t r i c t e d  to  th e  e u p h o t ic  zone and in  s h a llo w  
w a te r s  u n d e r s p e c i a l  b i o l o g i c a l  and h y d r o lo g ic a l  c o n d i t io n s  (Sm ayda, 
1 9 7 0 ). Membrane c h a rg e  d i f f e r e n c e s  o r  em bedding in  o rg a n ic  a g g re g a te s  
( R i l e y ,  1963) may c a u se  c lum ping  o f  n o n - ra o t i le  c e l l s  a n d /o r  d e t r i t a l  
m a t e r i a l s .  A lth o u g h  p o t e n t i a l l y  a  s i g n i f i c a n t  m echanism  f o r  a c c e le r a te d  
s in k in g  o f  p h y to p la n k to n  re m a in s ,  l i t t l e  d e t a i l  i s  known a b o u t th e  
a f f e c t s  o f  dow nw elllng  (Sm ayda, 19 7 0 ). B ecause  th e  s in k in g  r a t e s  o f  
f a e c a l  p e l l e t s  a r e  from  one to  th r e e  o r d e r s  o f  m ag n itu d e  g r e a t e r  th a n  
t h a t  f o r  m ost s i n g l e  p h y to p la n k to n  c e l l s ,  t h i s  t r a n s p o r t  m echanism  m ust 
be c o n s id e re d  p o t e n t i a l l y  s i g n i f i c a n t .
The p r e s e r v a t io n  o f  c a lc a r e o u s  s k e le to n s  i n  u n d e r s a tu r a te u  m a rin e  
w a te r s  h a s  b een  shown to  be  d i r e c t l y  r e l a t e d  to  th e  p re s e n c e  o f  p ro ­
t e c t i v e  c o a t in g s  by a b so rb e d  o rg a n ic  p a r t i c l e s  (Chave and S u e s s ,  1967; 
and S u e s s , 1 9 7 0 ). W angersky (1969) and  W angersky and Jo en su u  (1967)
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s tu d ie d  th e  d i s t r i b u t i o n  o f  su sp e n d ed  c a rb o n a te s  a t  v a r io u s  d e p th s  In  
th e  ocean  and c o n c lu d e d  t h a t  t h e i r  c o a t in g  o f  o rg a n ic  m a t e r i a l  p r o te c te d  
them from  d i s s o l u t i o n .  M cIn ty re  and M c In ty re  (1971) s u g g e s te d  t h a t  o r ­
g a n ic  membranes p r e s e n t  on c o c c o l i t h s  m ig h t p r e v e n t  t h e i r  d i s s o l u t i o n  
and w ere a b le  to  e s t a b l i s h  a  r e l a t i o n s h i p  b e tw een  c o c c o l i t h  m orphology  
and r e s i s t a n c e  to  s o l u t i o n .  They o b se rv e d  h o lo c o c c o l i th s  w ere m ore 
p ro n e  to  s o lu t i o n  th a n  h e t e r o c o c c o l i t h s  and w i th in  th e  h e t e r o c o c c o l i t h s ,  
c a n e o l i t h s ,  s c a p h o l i t h s ,  r h a b d o l i t h s  ( c y r t o l i t h s ) , and  p l a c o l i t h s  a r e  
ran k ed  in  o rd e r  o f  i n c r e a s in g  r e s i s t a n c e  to  s o l u t i o n .  A ls o , th e y  
s u g g e s te d  t h a t  ch an g es  i n  th e  r e l a t i v e  ab u n d an ce  o f  many ta x a  w ith  i n ­
c r e a s in g  w a te r  d e p th  was due to  d i f f e r e n t i a l  s o l u t i o n  by m o rp h o ty p e . 
S e le c t iv e  d i s s o l u t i o n  o f  r e c e n t  c o c c o l i t h s  was e x t e n s iv e ly  s tu d ie d  by 
Schneiderm ann  (1 9 7 2 , 1 9 7 3 ).
O rg an ic  e n v e lo p e s ,  re m a in in g  a f t e r  th e  d i s s o l u t i o n  o f  c a lc a r e o u s  
c o c c o l i t h s  have  b een  d e s c r ib e d  by B raa ru d  e t  a l .  (1952) and  H onjo (1 9 6 9 ) . 
O rg an ic  s c a le s  c o v e r in g  th e  p ro x im a l s h i e l d s  o f  H o locene c o c c o l i t h s  h ave  
been  r e p o r te d  by M cIn ty re  and Be (1 9 6 7 ) , B lack  (1 9 6 8 ) , and N o r r is
(1 9 7 1 ). P r e f e r e n t i a l  p r e s e r v a t io n  o f  th e  p ro x im a l s h i e l d s  o f 
C y c lo c o c c o l i th in a  le p to p o r a  and C o c c o l i th u s  p e la g ic u s  In  A t l a n t i c  
b o tto m  se d im e n ts  was o b se rv e d  by S chneiderm ann  (1 9 7 2 ) .
In  summary, s h o r t e r  s e t t l i n g  tim e s  p ro v id e  f o r  a  b e t t e r  ch an c e  o f  
p r e s e r v a t io n  and f o r  l e s s  d r i f t  o f  m a t e r i a l  away from  i t s  p la c e  o f  
o r i g i n .  Many o f  th e  d i f f e r e n c e s  be tw een  l i v i n g  and se d im e n t a s se m b la g e s  
may come from  b i o l o g i c a l  i n t e r a c t i o n s  and n o t  s im p ly  from  d i f f e r e n t i a l  
c h e m ic a l d i s s o l u t i o n  f a v o r in g  a p a r t i c u l a r  t a x a .  The t r a n s p o r t  o f  
c o c c o l i t h s  in  f a e c a l  membranes p o t e n t i a l l y  e n r ic h e s  th e  s e d im e n ts  w ith  
s p e c ie s  t h a t  a r e  p r e f e r e n t i a l l y  e a te n  by c e r t a i n  h e r b iv o r e s  and  t h e r e -
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f o r e  p r e f e r e n t i a l l y  p r e s e r v e d .  The p r o t e c t i v e  o rg a n ic  c o a t in g s  o f  
c o c c o l i t h s  ca n  en h an ce  p r e f e r e n t i a l  p r e s e r v a t io n  by s e r v in g  a s  an  
i n h i b i t o r  o f  d i s s o l u t i o n ,  b u t  can  a l s o  b e  r e c o g n iz e d  a s  a  s o u rc e  o f  
o rg a n ic  c a rb o n  w hich  upon d eca y  c o u ld  c o n t r i b u t e  to  c o c c o l i t h  s o l u t i o n .
P o s t d e p o s i t i o n a l  v a r i a t i o n
I f  th e  a v e ra g e  r a t e  o f  s e d im e n t a c c u m u la tio n  f o r  th e  G u lf o f  M exico 
i s  a p p ro x im a te ly  t h r e e  and  o n e - h a l f  c e n t im e te r s  p e r  1 ,0 0 0  y e a r s  (Ewing 
e t  a l , ,  1958; P a in e  and M e y e rh o ff , 1970) o r  35 m ic ro m e te rs  p e r  y e a r  th e n  
a  c o c c o l i t h  one m ic ro m e te r  t h i c k  w ould h av e  a  r e s id e n c e  tim e  o f  a p p ro x i­
m a te ly  te n  d a y s  a t  th e  s e d im e n t-w a te r  i n t e r f a c e  b e f o r e  b e in g  co v e re d  by 
o th e r  s e d im e n ta ry  p a r t i c l e s .  C o rre s p o n d in g ly  t h i c k e r  c o c c o l i t h s  would 
ta k e  lo n g e r  to  become b u r i e d .  The r e s id e n c e  tim e  o f  a  c o c c o l i t h  a t  th e  
s e d im e n t s u r f a c e  i s  c o m p a ra b le , th e n ,  to  I t s  s e t t l i n g  t im e , d u r in g  w hich  
th e  c o c c o l i t h  i s  in  c o n ta c t  w ith  th e  s u r ro u n d in g  w a te r  colum n a s  
p r e v io u s ly  d i s c u s s e d  (S ch n e id e rm an n , 1 9 7 2 ).
T h a t f r a c t i o n  o f  f a l l i n g  c a l c i t e  w h ich  s u r v iv e s  s o l u t i o n  d u r in g  
d e s c e n t  th ro u g h  th e  w a te r  colum n and becom es a  p o t e n t i a l l y  perm an en t 
com ponent o f  th e  b o tto m  se d im e n t may b e  f u r t h e r  t r a n s p o r t e d ,  a l t e r e d  o r  
d e s t r o y e d .  A cco rd in g  to  B a th u r s t  (1 9 7 1 ) , " p a r t i c l e s  t h a t  a r e  b u r ie d  
to d a y  may b e  r e - e x p o s e d ,  a s  a  r e s u l t  o f  e r o s io n ,  tom orrow , o r  a f t e r  
m onths o r  y e a r s :  b u r i a l  i s  n o t  a  u n iq u e  o c c u r r e n c e ,  and m ost p a r t i c l e s
spend  th o u sa n d s  o f  y e a r s  a t  o r  n e a r  th e  s e d im e n t-w a te r  i n t e r f a c e ,  some­
tim e s  in  m o tio n , m ore o f t e n  s t a t i o n a r y ,  b e f o r e  th e y  a r e  c o v e re d  f o r  th e  
l a s t  t im e ."  He f u r t h e r  ad d s  t h a t  i n  t h i s  e n v iro n m e n t c a rb o n a te  se d im e n t 
i s  s u b je c t  n o t  o n ly  to  a l t e r n a t i n g  e r o s io n  and d e p o s i t i o n ,  b u t  to  p ro ­
lo n g e d  c o n t a c t  w i th  p o t e n t i a l l y  c o r r o s iv e  w a te r s ,  th e  f e e d in g  a c t i v i t i e s
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o f  th e  b e n th o s ,  and to  f l u c t u a t i n g  l e v e l s  o f  pCC^ In  th e  w a te r  a s  th e  
r e s u l t  o f  ch an g e s  i n  th e  r a t e s  o f  e v a p o r a t io n ,  r e s p i r a t i o n  and  p h o to ­
s y n th e s i s  o f  o rg a n is m s , and b a c t e r i a l  d e c a y .
B ro eck e r (1971) s u g g e s ts  t h a t  b o tto m  se d im e n t c a l c i t e  may be  
d e s t ro y e d  by b e n th ic  a n im a ls ,  d i s s o l u t i o n  i n  c o r r o s iv e  w a te r s ,  and by 
c h e m ic a l r e a c t i o n s  ta k in g  p la c e  w i th in  th e  p o re s  o f  th e  s e d im e n t. 
A r rh e n iu s  (1963) s t a t e d  t h a t  t h e  d i s t r i b u t i o n  o f  c a r b o n a te s  a t  th e  
p r e s e n t  s e d im e n t s u r f a c e  i s  a  f u n c t io n  o f  th e  p r o d u c t i v i t y  i n  s u r f a c e  
w a te r s  o f  th e  ocean  w ith  th e  su p e rim p o sed  e f f e c t  o f  d i s s o l u t i o n .  In  
t h e i r  s tu d y  o f  th e  N o rth  A t l a n t i c ,  M c In ty re  and Be (1967) co n c lu d e d  t h a t  
s u r f a c e  s e d im e n ts  o f  th e  ocean  b a s in s  a r e  c o n t in u a l l y  b e in g  m ixed w ith  
o ld e r  m a t e r i a l  in  p a r t  by b u rro w in g  and  g r a z in g  o f  th e  b e n th o n ic  
com m unity (M c In ty re  e t  a l . , 1967) a s  w e l l  a s  c o n ta m in a te d  by c u r r e n t  and 
t u r b i d i t y  t r a n s p o r t .  A ls o , th e y  n o te d  d e s t r u c t i o n  o f  f r a g i l e  c o c c o l i t h  
m o rp h o ty p es  i n  th e  s e d im e n t by b a c t e r i a l  s o l u t i o n .  B e rn a rd  (1953) 
d is c u s s e d  th e  c o n t r i b u t i o n  o f  c o c c o l i th o p h y te s  to  s e d im e n ta ry  d e p o s i t s  
i n  th e  M e d ite r ra n e a n  Sea w here an  e x c e p t io n a l  abundance  and p redom inance  
o f  c e r t a i n  s p e c ie s  o c c u r r e d .  He co n c lu d ed  t h a t  b e c a u se  c o c c o l i t h s  v a ry  
in  t h e i r  r e s i s t a n c e  to  f r a g m e n ta t io n  and d i s s o l u t i o n ,  th e  s p e c ie s  com­
p o s i t i o n  o f  c o c c o l i t h  o oze  d e p o s i t s  w i l l  v a r y .  I n  s e d im e n ts  o ld e r  th a n  
M idd le  M eso zo ic , i d e n t i f y i n g  c o c c o l i t h s  i s  u s u a l l y  d i f f i c u l t ,  ow ing to  
th e  g r a d u a l  r e c r y s t a l l i z a t i o n  o f  c a l c i t e  (A r rh e n iu s ,  1 9 6 3 ). I n  f a c t ,  
many f i n e  g ra in e d  l im e s to n e s  i n  o ld e r  g e o lo g ic a l  f o rm a t io n s  may b e  
r e c r y s t a l l i z e d  c o c c o l i t h  oo zes  ( B ra m le t te ,  1 9 5 8 ).
The d i s t r i b u t i o n  o f  c a r b o n a te s  i n  b o tto m  s e d im e n ts  o f t e n  i s  m ore 
c o m p lic a te d  th a n  th e  d i s t r i b u t i o n  o f  c a rb o n a te s  in  s u s p e n s io n .  L i s i t z e n
(1972) p o in t s  o u t  t h a t  in  many c a s e s  b o tto m  se d im e n ts  do n o t  r e f l e c t  th e
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o v e r ly in g  c a rb o n a te  p la n k to n ic  b lo c o e n o s e s  b e c a u s e  th e s e  b lo c o e n o se s  
a r e  o f t e n  d i s t o r t e d  o r  a l t o g e t h e r  m is s in g  in  b o tto m  se d im e n t s a m p le s .
He re c o g n iz e d  th r e e  zones o f  p e l a g ic  c a rb o n a te  s e d im e n ta t io n ;  an  u p p e r 
zone o f  d i l u t i o n  by t e r r i g e n o u s  i n f l u x  i n  s h a llo w  m a rg in s  o f  th e  o c e a n , 
a  m id d le  zone o f  n o rm a l a c c u m u la t io n ,  and  a  lo w er zone o f  d i s s o l u t i o n .
I t  h a s  lo n g  been  known t h a t  th e  c o n c e n t r a t i o n  o f  c a lc iu m  c a rb o n a te  
in  s e d im e n ts  on th e  f l o o r  o f  th e  open o cea n  d e c r e a s e s  w ith  d e p th  o f  
w a te r .  T h is  d e c r e a s e  in  c o n c e n t r a t i o n  i s  p a r t i c u l a r l y  r a p id  be tw een  
a b o u t 4 ,0 0 0  to  5 ,0 0 0  m e te r s .  A t t h i s  d e p th  th e r e  m ust b e  a  co m p en sa tio n  
d e p th  below  w hich  th e  su p p ly  o f  s o l i d  c a lc iu m  c a r b o n a te  e q u a ls  i t s  lo s s  
by d i s s o l u t i o n .  H ow ever, when v iew ed  on a  w o rld -w id e  b a s i s  (S m ith  «it 
a l . , 1 9 6 8 ), th e  c o r r e l a t i o n  b e tw een  c a lc iu m  c a r b o n a te  c o n te n t  o f  s e d i ­
m ents and w a te r  d e p th  i s  n o t  p a r t i c u l a r l y  s t r o n g .  T h ere  i s  no s in g l e  
w o rld -w id e  co m p en sa tio n  d e p th ,  and  d i s t a n c e  from  la n d  i s  an  im p o r ta n t  
i n f lu e n c e  on u l t i m a t e  d i s s o l u t i o n  ( B a th u r s t ,  1 9 7 1 ). In  a d d i t i o n ,  B erg er 
(1968) r e c o g n iz e d  a  l e v e l  o f  r a p id  i n c r e a s e  in  th e  r a t e  o f  d i s s o l u t i o n  
o f  p la n k to n ic  f o r a m in i f e r a  w e l l  above th e  c a rb o n a te  co m p en sa tio n  d e p th ,  
w h ich  he  te rm ed  th e  l y s o c l i n e .
S tu d ie s  by M c In ty re  and  M cIn ty re  (1971) and Schneiderm ann  (1972 , 
1973) c l e a r l y  i n d i c a t e  s e l e c t i v i t y  o f  d i s s o l u t i o n  o f  m odern c o c c o l i t h s  
a t  d e e p e r  d e p o s i t i o n a l  s i t e s .  S e l e c t i v i t y  o f  d i s s o l u t i o n  o f  v a r io u s  
n a n n o f o s s i l s  in  o ld e r  s e d im e n ts  h a s  b e e n  r e c o g n iz e d  by Hay (1 9 7 0 , 19 7 1 ), 
Bukry (1971) and  Ramsay (1 9 7 1 , 1 9 7 2 ). Bukry (1974) showed t h a t  i n  
m odern B la ck  Sea s e d im e n ts  th e  m o st t y p i c a l  rew o rk ed  E ocene and 
C re ta c e o u s  n a n n o f o s s i l s  w ere  s o l u t i o n - r e s i s t a n t  s p e c ie s  o f  C h ia s m o li th u s , 
C o c c o l i th u s , C y c lo c o c c o l i th in a ,  D i s c o a s t e r , H e l ic o p o n to s p h a e ra , 
S p h e n o l i th u s , C r e ta r h a b d u s , C r i b r o s p h a e r e l l a , P a r h a b d o l i th u s , P r e d i s -
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c o s p h a e ra , W a tz n a u e r la , and Z y g o d isc u s . A cco rd in g  to  Schneiderm ann
(1972) a l l  o th e r  p a ra m e te rs  b e in g  e q u a l ,  th e  s o l u b i l i t y  o f  a  c o c c o l i t h  
w i l l  b e  in f lu e n c e d  by i t s :  1) m in e ra lo g y  -  w here  a r a g o n i t e  i s  m ore
s o lu b le  th a n  c a l c i t e  i n  th e  ocean  and  th e r e f o r e  w i l l  d is a p p e a r  from  
b o tto m  s e d im e n ts  a t  s h a l lo w e r  d e p th s  th a n  c a l c i t e ;  2 ) c o m p o s i tio n  -  h ig h  
m agnesium  b e in g  m ore r a p i d l y  d i s s o lv e d  th a n  c a l c i t e ;  3) s i z e  -  w here 
s m a l le r  p a r t i c l e s  d i s s o lv e  a t  a  m ore r a p id  r a t e ;  4) im p u r i t i e s  -  o rg a n ic  
c o a t in g s  o f t e n  r e t a r d  s o lu t i o n  in  u n d e r s a tu r a te d  w a te r s ;  and  5) u l t r a ­
s t r u c t u r e  -  w here s o l u t i o n  may p r e f e r e n t i a l l y  e tc h  a  p a r t i c u l a r  c r y s t a l  
f a c e  o r  o c c u r  p a r a l l e l  to  g row th  d i r e c t i o n .
The h o r i z o n t a l  com ponent o f  b o tto m  se d im e n t m ix in g  ca n  o c c u r  a s  th e  
r e s u l t  o f  l a t e r a l  t r a n s p o r t  by b o tto m  c u r r e n t s  o r  su b m arin e  s lu m p in g . 
T u r b id i ty  c u r r e n t s  can  a c t i v e l y  t r a n s p o r t  c a rb o n a te  se d im e n t dow nslope 
u n d e r  th e  i n f l u e n c e  o f  g r a v i t y .  The in f lu e n c e  o f  t u r b i d i t y  c u r r e n t s  was 
e v id e n t  i n  some sam p le s  s tu d ie d  by S chneiderm ann  (1972) w here  th e  
c o c c o l i t h s  o f  th e  p e l a g ic  f r a c t i o n  w ere  m ore p o o r ly  p r e s e r v e d  th a n  
c o c c o l i t h s  from  th e  t u r b i d i t e  f r a c t i o n .  In  a d d i t i o n ,  he  r e c o g n iz e d  r e ­
w orked g re e n  c la y s  from  th e  c o n t i n e n t a l  s lo p e  i n  d eep  b a s i n a l  sam p les 
w here w e ll  p r e s e r v e d  G ephyrocapsa  o c e a n ic a  and  E m il ia n ia  h u x le y i  from  
th e  s lo p e  w ere  in te rm ix e d  w ith  p o o r ly  p r e s e rv e d  C y c lo c o c c o l i th in a  
l e p to p o r a  and H e lic o p o n to s p h a e ra  k a m p tn e r i r i c h  b a s i n a l  s a m p le s . A ls o , 
b i o l o g i c a l  a g e n ts  su c h  a s  s h a llo w  b u rro w e rs  and c e r t a i n  f i s h  may chu rn  
up b o tto m  se d im e n ts  w h ich  c o u ld  become w id e ly  s c a t t e r e d  o v e r  th e  b a s in  
f l o o r .
M c In ty re  ej: a l . (1967) h ave  n o te d  an  e x p o n e n t ia l  d e c r e a s e  i n  th e  
c o n c e n t r a t i o n  o f  n a n n o f o s s i l s  p a r t i c u l a r l y  d i s c o a s t e r s  above th e  
P l io c e n e - P le i s t o c e n e  b o u n d a ry ; th e y  a s c r ib e d  t h i s  d e c r e a s e  to  v e r t i c a l
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m ix in g . B e rg e r and  H eath  (1 9 6 8 , p . 135) p ro p o sed  th e  fo l lo w in g  v e r t i c a l  
m ix in g  m ode l: C o c c o l i th o p h y te  re m a in s  and o th e r  c a lc a r e o u s  p a r t i c l e s
s e t t l e  th ro u g h  th e  w a te r  colum n o n to  th e  s e d im e n t-w a te r  i n t e r f a c e ,  w here 
th e y  become th o ro u g h ly  m ixed w ith  o ld e r  d e p o s i t s  a s  a  hom ogeneous 
s e d im e n ta ry  l a y e r .  The r a t e  o f  se d im e n t a c c u m u la tio n  d e te rm in e s  when a  
th i n  b a s a l  s l i c e  o f  th e  to p  homogeneous l a y e r  w i l l  become in c o rp o r a te d  
in t o  a  d e e p e r ,  ’'h i s t o r i c a l "  l a y e r .  I t  i s  p o s s i b l e  th e n  t h a t  a  p e c u l i a r  
e v o lu t io n a r y  ( b i o s t r a t i g r a p h i c )  e v e n t m ig h t f i r s t  be  d e te c te d  i n  th e  
h i s t o r i c a l  l a y e r  below  th e  homogeneous l a y e r  and  th u s  le a d  to  some 
te m p o ra l e r r o r  in  th e  i n t e r p r e t a t i o n  o f  th e  se q u e n c e  i f  m ix in g  i s  n o t  
ta k e n  i n t o  a c c o u n t .  G a r tn e r  and  L id z  (1972) u sed  th e  s t r a t i g r a p h i c  
ra n g e  o f  n a n n o f o s s i l s  from  o u t s id e  and i n s i d e  th e  t e s t s  o f  v a r io u s  
f o r a m in i f e r a  s p e c ie s  to  i n d i c a t e  w h e th e r th e  f o r a m in i f e r  sp ec im en  was in  
p la c e  s t r a t i g r a p h i c a l l y ,  rew o rk ed  downward, o r  rew orked  upw ard . In  
s e v e r a l  c a s e s  th e y  found  t h a t  th e  n a n n o f o s s i l s  from  i n s id e  a  f o r a m in i f e r  
spec im en  w ere n o t  c o m p a tib le  w ith  th e  ra n g e  o f  th e  s p e c ie s  a s  g iv e n  in  
th e  l i t e r a t u r e .
Hanor and M a rs h a ll  (1 9 7 0 , 1971) o b se rv e d  m ore com plex v e r t i c a l  
p r o f i l e s  o f  se d im e n ts  th a n  th o s e  in  th e  m odel o f  B e rg e r and H eath  (1968) 
and p ro p o se d  a  h e te ro g e n e o u s  v e r t i c a l  m ix in g  m odel w h ich  assum ed m ix ing  
w i th in  a f i n i t e  s u c c e s s io n  o f  s m a l le r  v o lu m es , c o r re s p o n d in g  to  b u rro w s , 
r a t h e r  th a n  hom ogeneous m ix in g  w i th in  a  c e r t a i n  volum e o r  down to  a  c e r ­
t a i n  d e p th .  Hanor and  M a r s h a l l 's  m odel a l lo w s  f o r  a r e a s  o f  m in im al 
m ix in g  t h a t  may r e t a i n  p r im a ry  s t r a t i f i c a t i o n  and  a l lo w s  a  m ore 
te m p o ra lly  c o r r e c t  b i o s t r a t i g r a p h i c  s u c c e s s io n  o f  e v e n ts  to  b e  d e te rm in e d  
th a n  th e  B e rg e r-H e a th  co m p le te  m ix in g  m odel.
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A lth o u g h  m ic r o b ia l  t r a n s f o r m a t io n  o f  s e d im e n ts  i s  m en tio n ed  a s  a  
s o u rc e  o f  v a r i a t i o n  i n  th e  d i s t r i b u t i o n  o f  c o c c o l i t h s  on th e  s e a  f l o o r ,  
th e  e x p e r im e n ts  o f  J a n n a sc h  and W irsen  (1973) s u g g e s t  t h i s  p ro c e s s  i s  
e x tre m e ly  slow  w ith  no e v id e n c e  o f  any s u b s t a n t i a l  a c t i v i t y  o f  
in d ig e n o u s  m i c r o f l o r a l  s e d im e n t c o n v e rs io n s  w i th in  a  o n e -y e a r  In  s i t u  
in c u b a t io n  p e r io d .
A lo n g  e p is o d e  o f  g e o lo g ic  tim e  may p a s s  be tw een  th e  moment o f  
se d im e n t d e p o s i t io n  and th e  c o l l e c t i o n  o f  a  se d im e n t sam p le . D uring  
t h i s  p e r io d  v a r io u s  m e so g e n e tic  d i a g e n e t i c  a l t e r a t i o n s  o f  th e  c o c c o l i t h s  
may o c c u r .  C a rb o n a te  s e d im e n ts  and  t h e i r  d ia g e n e s is  i s  th e  s u b je c t  o f 
a  book by B a th u r s t  (1 9 7 1 ) . I f  m e so g e n e tic  c e m e n ta t io n , m etam orphism , 
o r  t e c t o n i c  a c t i v i t y  i s  s e v e r e  th e n  th e  r e c o r d  o f  e x i s t i n g  c o c c o l i t h s  
may b e  c o m p le te ly  d e s t r o y e d .  Some o f  th e  p ro b lem s in  r e c o g n iz in g  th e  
e f f e c t s  o f  l e s s  s e v e r e  a l t e r a t i o n s  a t  t h i s  s t a g e  in  th e  h i s t o r y  o f  
c a rb o n a te  b o tto m  se d im e n ts  i s  d is c u s s e d  by W ise and K e l ts  (1972) and 
i l l u s t r a t e d  by F is c h e r  £ t  _al. (1 9 6 7 ) , W olfe (1968) and  P ie r c e  and H arper
(1 9 7 3 ).
V a r ia t io n s  due to  s a m p lin g , p r o c e s s in g  and  d a t a  c o l l e c t i n g
The s o u rc e s  o f  v a r i a t i o n  w hich  may be  in t ro d u c e d  d u r in g  th e  c o l l e c ­
t i o n  and t a b u l a t i o n  o f  p a ly n o lo g ic a l  d a ta  a r e  g iv e n  in  H a r t (1 9 7 1 ) , 
C h r is to p h e r  (1 9 7 1 ) , C h r is to p h e r  and H a r t  (1971) and f u r t h e r  d is c u s s e d  by 
D a r r e l l  (1 9 7 3 ) . T hese  s o u rc e s  a r e  g e n e r a l ly  th e  same f o r  c o c c o l i t h s  and 
r e l a t e d  n a n n o f o s s i l s .  H arp er (1974) d i s c u s s e s  th e  sam p lin g  and p ro c e s s ­
in g  a f f e c t s  f o r  c o c c o l i t h s  and d ia to m s .
Andrews (1970) r e c o g n iz e s  t h r e e  a r e a s  o f  l i m i t a t i o n  i n  th e  s tu d y  o f 
p h y to p la n k to n .  The f i r s t ,  h e t e r o g e n e i ty  o f  s e d im e n ts ,  in c lu d e s  l a t e r a l
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v a r i a b i l i t y ,  e c o l o g ic a l  v a r i a t i o n ,  h y d r a u l i c  f a c t o r s  o f  c u r r e n t s  and 
r e l a t e d  tu r b u le n c e ,  e v o l u t io n ,  d i f f e r e n t i a l  p r e s e r v a t io n  in c lu d in g  
m e c h a n ic a l b re a k a g e  and  d i a g e n e t i c  c o m p a c tio n , b i a s i n g  by f r a c t i o n a t i o n  
i n t o  s m a l l  u l t r a s t r u c t u r a l  p a r t s  w hich  a r e  n o t  n o rm a lly  in c o r p o r a te d  i n ­
to  f re q u e n c y  c o u n ts ,  and d i f f e r e n t i a l  s o l u t i o n .  H is  second  l i m i t i n g  
f a c t o r  i s  b i a s  o f  th e  i n v e s t i g a t o r .  H ere h e  in c lu d e s  th e  p r e f e r e n t i a l  
c o l l e c t i n g  o f  sam p les  f o r  h ig h e s t  p h y to p la n k to n  y i e l d s ,  n o n - s ta n d a rd iz e d  
c le a n in g  and p r e p a r a t io n  te c h n iq u e s ,  and sam p le  e x a m in a tio n  w here no 
u n ifo rm  c o n t r o l  o v e r  th e  th ic k n e s s  o f  p h y to p la n k to n  s tr e w s  o r  p o in t  
c o u n t te c h n iq u e s  i s  a p p l i e d .  The t h i r d  l i m i t i n g  f a c t o r  i n  a p p ly in g  
q u a n t i t a t i v e  te c h n iq u e s  i s  a  tim e  f a c t o r  w h ich  may p ro lo n g  th e  s tu d y  due 
to  c o m p u ta tio n a l  p ro b lem s o r  le n g th y  com pu ter a n a ly s e s .
B ecause  o f  t h e i r  ex tre m e  s m a l l  s i z e ,  n a n n o f o s s i l s  may b e  e a s i l y  
rew o rk ed . G re a t c a r e  m u st b e  ta k e n  in  th e  sa m p lin g  and  p r o c e s s in g  o f 
m a t e r i a l s  to  p r e v e n t  sam p le  c o n ta m in a t io n .  The m ore s t e p s  in v o lv e d  in  
th e  sam p lin g  and p r o c e s s in g  o f  b o tto m  s e d im e n ts ,  th e  g r e a t e r  th e  r i s k  
t h a t  some v a r i a t i o n  w i l l  be  in t r o d u c e d .  E ch o ls  and L e v in  (1964) have 
shown t h a t  s o u rc e s  o f  c o c c o l i t h  c o n ta m in a tio n  may even  come from  th e  
d u s t  o f  b la c k b o a rd  c h a lk ,  an e v e r - p r e s e n t  h a z a rd  i n  th e  a i r  and c o a t  
s le e v e s  o f  i n v e s t i g a t o r s  i n  m ost u n i v e r s i t y  l a b o r a t o r i e s .
CHAPTER 2
GENERAL FRAMEWORK OF THE GULF OF MEXICO 
P re v io u s  w ork
I t  i s  n o t  w i th in  th e  sco p e  o f  t h i s  s tu d y ,  n o r  h a s  an  a t te m p t  b een  
made by th e  w r i t e r ,  to  o f f e r  a  c o m p le te  summary o f  th e  g e n e r a l  known 
g eo lo g y  o f  th e  G u lf o f  M exico. F or t e x t s  o r  m a jo r r e f e r e n c e s  o f  t h i s  
n a tu r e  th e  r e a d e r  i s  r e f e r r e d  to  G a l t s o f f  (1 9 5 4 ) , M urray (1 9 6 1 ) ,
Morgan and F e r r e l l  (1 9 7 1 ) , C ap u rro  and  R eid  (1 9 7 2 ) , R ezak and Henry 
(1 9 7 2 ) , E l-S a y ed  e t  a l .  (1 9 7 2 ); th e  many T r a n s a c t io n s  volum es o f  th e  
G u lf C o a s t A s s o c ia t io n  o f  G e o lo g ic a l  S o c i e t i e s ,  and th e  T exas 
A g r i c u l t u r a l  and M ech an ica l C o l l e g e 's  R e p o r ts  on O ceanography , and t h e i r  
r e s p e c t i v e  b ib l i o g r a p h i e s .  P a p e rs  w hich  d i s c u s s  th e  g e n e r a l  fram ew ork 
o f  th e  G u lf o f  M exico in c lu d e  A g a ss iz  (1 8 8 8 ) , S tu rg e s  (1 9 6 5 ) , B e llo u s o v  
e t  a l .  (1 9 6 6 ) , Moody (1 9 6 7 ) , S tep h e n s  (1 9 6 7 ) , U chupi (1 9 6 7 ) , Bouma
(1 9 6 8 ) , B ry a n t and W a ll in  (1 9 6 8 ) , B u rs t  (1 9 6 9 ) , B a l l  £ t  al^. (1 9 6 9 ) , B a l l  
and H a r r is o n  (1 9 6 9 ) , P a in e  and M eyerho ff (1 9 7 0 ) , N ow lin (1 9 7 1 ) , S c a fe  
and Kunze (1 9 7 1 ) , F re e la n d  and D ie tz  (1 9 7 1 ) , B e rg a n tin o  (1 9 7 1 ) , S id n e r  
and Poag (1 9 7 2 ) , D ev ine  e t  a l .  (1 9 7 2 ) , Moore (1 9 7 2 ) , W alper and R ow ett
(1 9 7 2 ) , W ilhelm  and Ewing (1 9 7 2 ) , D ie tz  (1 9 7 3 ) , T anner (1 9 7 3 ) , B ry a n t
(1 9 7 3 ) , and Durham (1 9 7 3 ) .
G e n e ra l d e s c r i p t i o n
The G u lf o f  M exico i s  a  r e l a t i v e l y  s h a l lo w , s u b t r o p i c a l  o c e a n ic -  
ty p e  b a s in  lo c a te d  be tw een  20°N and 30°N l a t i t u d e ,  and  80°W and 98°W 
lo n g i tu d e  a t  th e  s o u th e a s t e r n  b o u n d ary  o f  th e  N o rth  A m erican  C o n tin e n t .  
The maximum d e p th s  re c o rd e d  th e r e i n  a r e  a p p ro x im a te ly  3 ,7 0 0  m e te rs
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( F a i r b r id g e ,  1963 , p .  3 2 4 ) .  The G u lf I s  l a r g e  and d eep  enough to  p o s s e s s  
o c e a n ic  p r o p e r t i e s  y e t  s m a l l  and I s o l a t e d  enough t h a t  th e  t o t a l  sy stem  
can  b e  s tu d ie d  a s  a  s e p a r a t e  e n t i t y .
G e o lo g ic a l  s t r u c t u r e  and  t e c t o n i c s
The g e n e r a l  g eo lo g y  o f  th e  G u lf B a s in  I s  p r im a r i l y  b ased  on d re d g ­
in g s ,  s u b s u r f a c e  c o re  a n a l y s e s ,  and s e is m ic  p r o f i l e  r e c o r d s ,  and t h e i r  
c o r r e l a t i o n  w ith  th e  r e s u l t s  o f  s u r f a c e  g e o lo g ic a l  i n v e s t i g a t i o n s  on th e  
la n d  a r e a s  s u r ro u n d in g  th e  G u lf o f  M exico , E a r ly  id e a s  c o n c e rn in g  th e  
G u lf o f  M exico w ere v a r i a t i o n s  o f  a  h y p o th e s is  by S u ess  (1 8 8 5 ) , who 
p o s tu l a t e d  t h a t  th e  c e n t r a l  p o r t i o n  o f  th e  G u lf  was o r i g i n a l l y  an  e x te n ­
s io n  o f  th e  C o a s ta l  P l a i n  o f  th e  U n ite d  S t a t e s  and  t h a t  th e  p r e s e n t  
b a s in  r e s u l t e d  from  s u b s id e n c e  som etim e d u r in g  th e  C en o zo ic  E ra , 
i n i t i a l l y  fo rm in g  an E p e i r ic  Sea w hich  e v e n tu a l ly  g a in e d  r e s t r i c t e d  
com m unica tion  w ith  th e  A t l a n t i c  O cean. More r e c e n t  g e o p h y s ic a l  in fo rm a ­
t io n  (Ewing e £  a l . , 1955; Ewing e t  a l . , 1962; A n to in e  and  Ew ing, 1963) 
r e l a t e d  to  m odern t h e o r i e s  o f  P l a t e  T e c to n ic s  ( B a l l  e t  a l . ,  1969; M oore, 
1972; W alper and  R o w e tt, 1972 and  D ie t z ,  1973) s u g g e s ts  t h a t  a t  l e a s t  
th e  d e e p e s t  c e n t r a l  p o r t i o n s  o f  th e  b a s in  a r e  u n d e r la in  by a  t y p i c a l l y  
o c e a n ic  b a s a l t i c  c r u s t  im p ly in g  t h a t  th e  G u lf  i n  p a r t ,  h a s  a lw ay s  been  
a  b a s in .  One o f  th e  o u ts ta n d in g  s t r u c t u r a l  f e a t u r e s  o f  th e  G u lf o f 
M exico i s  a  s e d im e n ta ry  tro u g h  lo c a te d  o f f s h o r e  from  Texas and 
L o u is ia n a ,  w h ich  i s  f i l l e d  w ith  m ore th a n  5 0 ,0 0 0  f e e t  o f  t e r r i g e n o u s  
s e d im e n ts .  The a x i s  o f  t h i s  tro u g h  i s  e s s e n t i a l l y  e a s t - w e s t ,  p a r a l l e l ­
in g  th e  c o a s t  b e tw een  25°N and 30°N l a t i t u d e .  T h is  G u lf  C o ast 
G e o sy n c lin e  i s  f i l l e d  w ith  m a in ly  T e r t i a r y  ag e  a r g i l l a c e o u s  and 
a re n a c e o u s  s e d im e n ts  i n  th e  w e s te rn  and  c e n t r a l  p o r t i o n s ,  and  L a te
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M esozoic end T e r t i a r y  a g e  c a rb o n a te  s e d im e n ts  i n  th e  e a s t e r n  p o r t i o n .  
U n d e rly in g  m ost o f  t h i s  p o r t i o n  o f  th e  b a s in  i s  th e  J u r a s s i c  Louann 
S a l t .  S a l t  domes a r e  num erous a lo n g  th e  T exas and L o u is ia n a  c o a s t l i n e s  
and in  th e  i n t e r i o r  o f  th e s e  and c e r t a i n  o th e r  G u lf C o a s t s t a t e s .  S a l t  
s t r u c t u r e s  a r e  known to  e x i s t  a d j a c e n t  to  th e  e a s t e r n  M exican c o a s t  
down to  th e  Is th u m u s o f  T eh u a n tep ec  i n  th e  ex tre m e  s o u th e rn  p o r t i o n  o f  
th e  G u lf o f  M exico . R ece n t d r i l l i n g  by th e  Deep Sea D r i l l i n g  P r o j e c t  
h a s  c o n firm e d  th e  p re s e n c e  o f  s a l t  a t  th e  S ig s b e e  K n o lls  w h ich  r i s e  
above th e  S ig s b e e  A b y ssa l P l a i n .  D ia p i r i c  s t r u c t u r e s  f i l l e d  w ith  
p l a s t i c  c la y  a r e  known from  th e s e  a r e a s  and  to g e th e r  w ith  th e  s a l t ,  th e y  
can  a c t i v e l y  s t r u c t u r a l l y  a l t e r  th e  G u lf  b o tto m  c o n f ig u r a t io n .  In  
g e n e r a l ,  th e  s t r u c t u r a l  g eo lo g y  o f  th e  la n d  a r e a s  a d ja c e n t  t o  th e  G u lf 
B as in  r e f l e c t s  an  a c t i v e l y  s u b s id in g  b a s in .  F o r a  c o m p le te  d i s c u s s io n  
o f  th e  s t r u c t u r a l  g eo lo g y  o f  th e  G u lf C o a s ta l  P l a i n  s e e  M urray  (1961 , 
C h a p te r  3 ) .
S ed im en ts  and to p o g rap h y
The G u lf o f  M exico can  b e  d iv id e d  i n t o  two m a jo r p ro v in c e s  b a se d  on 
se d im e n t ty p e s :  a  d o m in a n tly  c a rb o n a te  p ro v in c e  i n  th e  e a s t e r n  p a r t  and
a  t e r r i g e n o u s  p ro v in c e  to  th e  w e s t .  The F l o r i d a  and Y u ca tan  P e n in s u la s  
a r e  c a r b o n a te  p la t f o r m s  w ith  b ro a d ,  f l a t  s h e l f  a r e a s  e x te n d in g  i n t o  th e  
G u lf B a s in . B oth  a r e  bounded by s t e e p - s id e d  e sc a rp m e n ts  w hich  a r e  n o t  
f a u l t  s c a r p s ,  b u t  w ere form ed d u r in g  th e  C re ta c e o u s  P e r io d  by a l g a l  
c a rb o n a te  r e e f  o r  bank  d e p o s i t io n  a lo n g  th e  seaw ard  ed g e  o f  th e  s u b s id in g  
c o n t i n e n t a l  b lo c k  w hich  w as l a t e r  b u r ie d  by seaw ard  p r o g r a d a t io n  and up­
b u i ld in g  a lo n g  th e  u p p e r s lo p e  and s h e l f  (U ch u p i, 1 9 6 7 ).
The w e s te rn  te r r i g e n o u s  p r o v in c e  n o rth w e s tw a rd  from  a  l i n e  be tw een
27
th e  D eSoto Canyon and th e  Campeche Canyon was form ed by u p b u ild in g  and 
o u tb u i ld in g ,  w ith  s e d im e n ts  d e r iv e d  in  p a r t  from  th e  a d ja c e n t  c o n t in e n ta l  
la n d  m a sse s . The seaw ard  edge o f  th e  c o n t in e n ta l  m a rg in  o f  t h i s  p ro v in c e  
i s  bounded by th e  S ig sb e e  E scarp m en t w hich  was form ed by s a l t  i n t r u s i o n s  
(U ch u p i, 1 9 6 7 ). M ajor s o u rc e  a r e a s  o f  t e r r i g e n o u s ly  d e r iv e d  se d im e n ts  
a r e  b ro u g h t t o  th e  G u lf B a s in  by th e  M is s i s s ip p i  R iv e r  and R io  G rande 
and t h e i r  r e s p e c t iv e  d r a in a g e  b a s in s .  D e ta i le d  s tu d i e s  o f  th e  ty p e s  o f  
se d im e n ts  and s e d im e n ta ry  s t r u c t u r e s  p r e s e n t  i n  th e  G u lf and t h e i r  
d i s t r i b u t i o n  p a t t e r n s  a r e  found  in  Van A ndel (1 9 6 0 ) , Bouma (1965 , 1968, 
1969, 1972, and 1 9 7 3 ), Bouma and Sw eet (1 9 6 9 ) , D av ie s  (1 9 6 8 a , 1 9 6 8 b ), 
D av ies  and Moore (1 9 7 0 ) , H ag e rty  (1 9 6 9 ) , Huang and  G oodel (1 9 7 0 ) , D evine
(1 9 7 1 ) , and D e v in e , B i l l i n g s ,  and F e r r e l l  (1 9 7 2 ) .
The g e n e r a l  b a th y m e try  and to p o g ra p h y  o f  th e  G u lf o f  M exico i s  
g iv e n  a s  t e x t - f i g u r e  1. On th e  b a s i s  o f  r e l i e f  and  d e p th  o f  w a te r  th e  
fo l lo w in g  p h y s io g ra p h ic  f e a t u r e s  can  be  r e c o g n iz e d :  th e  C o n t in e n ta l
S h e l f ,  C o n t in e n ta l  S lo p e , M is s i s s i p p i  C one, C o n t in e n ta l  R i s e ,  and th e  
A b y ssa l P l a i n .  A lso  d e l im i te d  a r e  th e  D eSoto Canyon, A lam inos Canyon, 
Campeche C anyon, th e  C a to ch e  T ongue, S t r a i t s  o f  F l o r i d a ,  and th e  
F l o r i d a ,  Campeche, and  S ig s b e e  E sc a rp m e n ts . The M is s i s s i p p i  Trough 
lo c a te d  on th e  s h e l f  edge w e s t o f  th e  p r e s e n t  B ird -F o o t  D e l ta  r e p r e s e n t s  
th e  re m a in s  o f  a P le i s t o c e n e  r i v e r  c o u rs e  a t  th e  tim e o f  lo w ered  s e a  
l e v e l .  R ece n t d e t a i l e d  g e o lo g ic a l  d i s c u s s io n s  o f  th e  v a r io u s  p h y s io g ra ­
p h ic  p ro v in c e s  w i th in  th e  G u lf a r e  g iv e n  by Ludw ick and W alton  (1 9 5 7 ) , 
Ewing e t  a l .  (1 9 5 8 ) ,  Gough (1 9 6 7 ) ,  A n to in e  e t  a l .  (1 9 6 7 , 1 9 7 4 ), U chupi 
(1 9 6 7 ) ,  U chupi and Emery (1 9 6 8 ) , Bouma e t  a l .  (1 9 6 8 ) ,  A n to in e  (1 9 6 8 ) , 
T ren c h a rd  (1 9 6 8 ) , W orzel e t  a l ,  (1 9 6 8 ) ,  B ry an t e t  a l .  (1 9 6 8 ) ,  D av ie s  
(1968b , 1972a , 1 9 7 2 b ), P y le  (1 9 6 8 ) , Burk e t  a l .  (1 9 6 9 ) , R ezak e t  a l .
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(1 9 6 9 ) ,  L e v e r t  and  F e rg u so n  (1 9 6 9 ) , Huang and G oodel (1 9 7 0 ) , W alker and 
M a s s in g i l l  (1 9 7 0 ) , P e r ry  (1 9 7 0 ) , B a l la r d  and Feden  (1 9 7 0 ) , B a l la r d  and 
U chupi (1 9 7 0 ) ,  B e rg a n t in o  (1 9 7 1 ) , K irk la n d  and  G erh ard  (1 9 7 1 ) , P eq u eg n a t 
e t  a l .  (1 9 7 1 ) , W ilhelm  and Ewing (1 9 7 2 ) , Appelbaum and Bouma (1 9 7 2 ) , 
P e q u eg n a t e t  a l ,  (1 9 7 2 ) , and Poag (1 9 7 2 ) . D e f in i t i o n s  o f  th e  m a jo r G u lf 
p h y s io g ra p h ic  p ro v in c e s  a s  a p p l ie d  to  t h i s  s tu d y  a r e  g iv e n  in  C h ap te r  3 .
R e g io n a l o cean o g rap h y
The g e n e r a l  c i r c u l a t i o n  o f  s u r f a c e  w a te r s  in  th e  G u lf o f  M exico i s  
shown on t e x t - f i g u r e  2 . The p r i n c i p a l  in f lo w  o f w a te r  i n t o  th e  G u lf i s  
th ro u g h  th e  Y ucatan  C h an n e l. A s i l l  e x te n d s  be tw een  1 ,5 0 0  and 1 ,900  
m e te r s  a c r o s s  t h i s  c h a n n e l d e te rm in in g  th e  g r e a t e s t  d e p th  from  w hich  
w a te r  in  th e  C a rib b e a n  Sea i s  a llo w e d  to  e n t e r  th e  G u lf o f  M exico 
(M cL ellan  and N ow lin , 1 9 6 3 ). M ost o u tf lo w in g  w a te r  from  th e  G u lf p a s s e s  
o v e r  a n o th e r  s i l l  a t  800 m e te r s  d e p th  th ro u g h  th e  S t r a i t s  o f  F lo r id a  i n ­
to  th e  A t l a n t i c  O cean . T hus, th e  f r e e  u n o b s tru c te d  f lo w  o f w a te r  in t o  
and o u t o f  th e  G u lf i s  r e s t r i c t e d  to  th e  u p p e r l e v e l s  o f  th e  w a te r  
colum n ( F a l r b r ld g e ,  1 9 6 3 ). W ater e n t e r in g  th e  G u lf from  th e  s o u th  i s  an 
a d m ix tu re  o f  Sou th  A t l a n t i c  W ate r, t r a n s p o r t e d  n o rth w e s tw a rd  by th e  
G u iana  and  E q u a to r i a l  C u r r e n ts ,  and th e  N o rth  A t l a n t i c  W ater from  th e  
S a rg a s s o  S ea. The r a t i o  o f  S ou th  A t l a n t i c  to  N o rth  A t l a n t i c  W ater in  
th e  Y u ca tan  C hannel i s  e s t im a te d  be tw een  1 :2  and  1 :4  ( F a i r b r id g e ,  1963).
The Summer and W in te r  i s o p l e t h  maps g iv e n  a s  t e x t - f i g u r e s  3 and  4 show 
ch an g es  i n  s u r f a c e  w a te r  s a l i n i t i e s .  A ls o ,  some in d i c a t i o n  o f  th e  
g e n e r a l  d i s t r i b u t i o n  o f  c u r r e n t s  f lo w in g  th ro u g h  th e  G u lf  System  can  be 
se e n  on th e s e  m aps. B oth  maps show h ig h e s t  s a l i n i t i e s  in  th e  c e n t r a l  
p o r t i o n  o f  th e  G u lf w ith  r e l a t i v e l y  lo w er s a l i n i t i e s  a lo n g  th e  c o a s t s  due
9'5-  * ■




t> SURFACE CURRENTS G U L F  OF M EXICO
D c n o te i c u rre n t flow  d ire c tio n
Text-Figure 2. Surface water current movement in the Gulf.
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SUMMER SURFACE S A L IN IT Y
( M o d if ie d  from  G r c in e r ( l 9 7 0 )
Text-Figure 3. Summer surface water salinity isopleths for the deep Gulf of Mexico.
W IN TER  SURFACE SA L IN IT Y
ffif1'  • r* k i*^ f
Text-Figure 4. Winter surface water salinity isopleths for the deep Gulf of Mexico.
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in  p a r t  t o  d i l u t i o n  by f r e s h  w a te r  i n f l u x .  Mean s e a  s u r f a c e  te m p e ra tu re s  
f o r  Summer and W in te r w a te r  m asses  a r e  i l l u s t r a t e d  a s  t e x t - f i g u r e s  5 and 
6 , and mean Summer and W in te r is o th e rm s  f o r  100 m e te r s  d e p th  o f  w a te r  a s  
t e x t - f i g u r e s  7 and  8 . R e fe re n c e s  to  c o m p ila t io n s  o f  a v e ra g e  s e a  s u r f a c e  
te m p e ra tu re s  and s a l i n i t y  d a ta  a r e  in c lu d e d  i n  L e ip p e r  (1 9 5 4 ) , and 
C apurro  and R eid  (1 9 7 2 ).
Over th e  G u lf B a s in ,  th e  s a l i n i t y  o f  s u r f a c e  w a te r s  i s  g e n e r a l ly  
w i th in  th e  ra n g e  3.60% to  3.63% w ith  h i g h e s t  v a lu e s  re c o rd e d  i n  th e  W est 
C e n t r a l  G u lf ( G r e in e r ,  1 9 7 0 ). N e a rsh o re  s a l i n i t i e s  a r e  s t r o n g ly  i n f l u ­
enced  by l o c a l  r u n o f f  and  r i v e r  d i s c h a r g e ,  e v a p o r a t io n ,  i n t r u s i o n  o f 
w a te r s  from  th e  C a r ib b e a n , and by u p w e ll in g  c u r r e n t s .  The M is s i s s i p p i  
R i v e r 's  in f lu e n c e  can  b e  m easured  a t  d i s t a n c e s  g r e a t e r  th a n  150 km from  
th e  c o a s t  a s  w a te r  w ith  s a l i n i t y  v a lu e s  l e s s  th a n  3.55% . S a l i n i t y  
v a lu e s  o f  2.5% have  been  r e p o r te d  s e v e r a l  m i le s  o f f s h o r e  from  th e  m outh 
o f  th e  r i v e r  ( F a i r b r id g e ,  1 9 6 3 ). A d d i t io n a l  r e f e r e n c e s  c h a r a c t e r i z i n g  
te m p e ra tu re  and s a l i n i t y  v a r i a t i o n s  w i th in  th e  G u lf B a s in  in c lu d e  
D uxbury (1 9 6 2 ) , M cL ellan  and N ow lin (1 9 6 3 ) , V la d im e r ts e v  (1 9 6 6 ) ,
Bogdanov e t  a l .  (1 9 6 8 ) , W arsh e t  a l ,  (1 9 6 8 ) , and Z e t l e r  and H ansen
(1 9 7 0 ) .
A cco rd in g  to  Newman e t  a l .  (1 9 7 3 ) , th e  s t a b l e  i s o to p e  r a t i o  o f 
o rg a n ic  c a rb o n  p re s e rv e d  in  m a rin e  se d im e n ts  i s  a  u s e f u l  t o o l  f o r  s tu d y ­
in g  th e  d e p o s i t i o n a l  h i s t o r y  o f  th e  G u lf o f  M exico b e c a u se  th e  i s o to p e  
r a t i o  i s  a f f e c t e d  by th e  r e l a t i v e  am ounts o f  t e r r e s t r i a l  and m a rin e  
d e r iv e d  o rg a n ic  m a te r i a l s  p r e s e n t ,  and by e n v iro n m e n ta l c o n d i t io n s  su ch  
a s  te m p e ra tu r e ,  p r e v a i l i n g  d u r in g  th e  g row th  o f  th e  s o u rc e  o rg an ism s  f o r
th e  c a rb o n . T h e ir  map show ing th e  e q u a l  i s o to p e  r a t i o s  o f  ch an g es  i n
13C arbon-13  v e r s u s  th e  N a tio n a l  B ureau  o f  S ta n d a rd s  Sam ple 20 (<5C v s
SUMMER SURFACE WATER 
S ?  TEMPERATURE *C
(M o d if ie d  from  G re in e r , 1 970 )
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Text-Figure 5. Summer surface water isotherms for the deep Gulf of Mexico.
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WINTER SURFACE WATER 
£ #  TEMPERATURE #C
(M o d if ie d  from  G ro ino f, 1970)
Text-Figure 6. Winter surface water isotherms for the deep Gulf of Mexico.
SUMMER 100M  WATER 
TEMPERATURE *C
(M o d if ie d  from G re in e r , 1970)
Text-Figure 7. Summer 100 meter water isotherms for the deep Gulf of Mexico.
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WINTER 100M  WATER 
TEMPERATURE *C
(M o d if ie d  from G re in e r , 1970)
Text-Figure 8. Winter 100 meter water isotherms for the deep Gulf of Mexico,
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NBS-20) f o r  o rg a n ic  c a rb o n  from  G u lf  b o tto m  se d im e n t c o r e s  i s  g iv e n  a s  
t e x t - f i g u r e  9 . N ote t h a t  th e  i s o d e l s  c l e a r l y  d e f in e  a  wedge o f  s e d i ­
m en ts  o f f  th e  m outh o f  th e  r i v e r  e x te n d in g  e a s tw a rd  and  so u th w es tw ard  
a c r o s s  th e  M is s i s s i p p i  Cone o n to  th e  S ig s b e e  P l a i n  s u g g e s t in g  e x te n s iv e  
in f lu e n c e  o f  th e  M is s i s s i p p i  R iv e r  t r a n s p o r t i n g  t e r r e s t r i a l l y  d e r iv e d  
o rg a n ic  m a t e r i a l s  i n t o  th e  Deep G u lf .  F r e d e r ic k s  and S a c k e t t  (1970) i n  
t h e i r  s tu d y  o f th e  d i s s o lv e d  and p a r t i c u l a t e  o r g a n ic  c a rb o n  i n  th e  G u lf 
o f  M exico showed t h a t  th e  mean am ounts o f  b o th  fo rm s w ere  h i g h e s t  in  
s h e l f  w a te r s ,  lo w er i n  th e  s u r f a c e  w a te r  o f  th e  open G u lf ,  and  lo w e s t in  
th e  deep  open G u lf .  The w a te r  m ass o f f  th e  M is s i s s i p p i  R iv e r  y ie ld e d  
h ig h e s t  c o n c e n t r a t io n  v a l u e s ,  and th e  w a te r  i n  th e  Y u ca tan  S t r a i t s  
y ie ld e d  th e  lo w e s t c o n c e n t r a t i o n s .  T h e ir  e v a lu a t io n s  o f  th e  s o u rc e s  o f  
d i s s o lv e d  o rg a n ic  c a rb o n  in  th e  G u lf o f  M exico i n d i c a t e  a p p ro x im a te ly  
e q u a l  c o n t r i b u t i o n s  from  r u n o f f ,  i n  s i t u  g e n e r a t io n  i n  th e  open G u lf 
s u r f a c e  w a te r ,  and a  n e a r - s h o r e  s o u rc e  t h a t  may r e s u l t  from  human 
a c t i v i t i e s .
BOTTOM SEDIMENT  
O RG ANIC  CARBON 
( 6 C 13 vs N B S - 2 0 )
( a f t e r  N e w m an , P a rke r, B eh re n » ,lV 7 3 )




G u lf o f  M exico b o tto m  se d im e n t sam p les  e x c lu s iv e  o f  th e  s h e l f  a r e a s  
w ere u sed  In  t h i s  s tu d y  and w ere o b ta in e d  from  th e  c o r e  r e p o s i t o r y  o f 
L am ont-D oherty  G e o lo g ic a l  O b se rv a to ry  and th e  c o l l e c t i o n  o f  c o re s  housed  
in  th e  L o u is ia n a  S t a t e  U n iv e r s i ty  G e o sc ie n c e  Museum, C ore sam p les  from  
th e  fo l lo w in g  c r u i s e s  w ere  u se d : Vema 3 , Vema 17 , A t l a n t i s  185, R. D,
C onrad 9 , R. D, C onrad 10 , and K ane. Some l i m i t i n g  f a c t o r s  w ere en­
c o u n te re d  in  th e  sam p lin g  p ro c e d u re s .  F i r s t l y ,  due to  th e  deep w a te r  
r e s t r i c t i o n s  o f  th e  s tu d y  a r e a ,  p r e v io u s ly  c o l l e c t e d  sam p les  had to  be  
u sed  and  s e c o n d ly ,  f u r t h e r  r e s t r i c t i o n s  w ere  p la c e d  on th e  q u a l i t y  o f  
sam ple  m a t e r i a l  to  b e  u sed  i n  t h a t  P h le g e r  c o r e s  and  t r i g g e r - w e ig h t  c o re s  
w ere  p r e f e r r e d  o v e r p i s to n  c o re s  o r  o th e r  c o n v e n t io n a l  c o r in g  m eth o d s. 
T h is  seco n d  r e s t r i c t i o n  assum ed th e  fo rm er c o r in g  te c h n iq u e s  d is p la c e d  
l e s s  o f  th e  s u r f i c i a l  b o tto m  se d im e n ts  and th e r e f o r e  g av e  a  m ore r e p r e ­
s e n t a t i v e  sam p le  o f  th e  s e d im e n t-w a te r  i n t e r f a c e .  The e x a c t  c o re  lo c a ­
t i o n s ,  w a te r  d e p th s ,  and p h y s io g ra p h ic  p ro v in c e s  from  w hich  each  sam ple 
was ta k e n  a r e  p r e s e n te d  in  A ppendix  B.
The d e te r m in a t io n  o f  th e  t o t a l  number o f  sam p les  u sed  i n  t h i s  s tu d y  
was c o n t r o l l e d  by sam ple  q u a l i t y ,  a v a i l a b i l i t y ,  and a  tim e  r e s t r i c t i o n  
b a se d  on e l a b o r a t e  sam ple  p r e p a r a t io n  and a n a l y s i s  te c h n iq u e s  u se d .
S am pling  d e s ig n
In  o rd e r  to  i n v e s t i g a t e  th e  p o s s i b l e  r e l a t i o n s h i p s  be tw een  c o c c o l i t h  
d i s t r i b u t i o n  p a t t e r n s ,  and g e o g ra p h ic  l o c a t io n s  w i th in  th e  G u lf o f  
M ex ico , an  i n i t i a l  h y p o th e s i s  was fo rm u la te d  to  th e  e f f e c t  t h a t
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d i f f e r e n c e s  i n  r e l a t i v e  f re q u e n c y  o f  o c c u r re n c e  o r  mean p r e s e r v a t io n  
v a lu e s  f o r  c o c c o l i t h s  and r e l a t e d  n a n n o f o s s l l s  do n o t  e x i s t  among 
r e g io n s ,  p ro v in c e s  w i th in  r e g io n s ,  and  c o re s  w i th in  p ro v in c e s  w i th in  
r e g io n s .  T h is  h y p o th e s i s ,  th e n ,  d i c t a t e d  th e  m ost a p p r o p r i a t e  sam p lin g  
d e s ig n  to  be  u s e d .
The b o tto m  o f th e  G u lf o f  M exico can  b e  d iv id e d  i n t o  fo u r  m a jo r 
p h y s io g ra p h ic  r e g io n s ,  eac h  o f  w hich  can  be  s u b d iv id e d  i n t o  v a r io u s  
p ro v in c e s  a s  shown on t e x t - f i g u r e  10.
R eg ion  I : C o n t in e n ta l  S lo p e
A c o n t i n e n t a l  s lo p e  may b e  d e f in e d  a s  th e  c o n t in u o u s ly  s lo p in g  
p o r t i o n  o f  th e  c o n t in e n ta l  m a rg in  w ith  a  g r a d ie n t  o f  m ore th a n  one to  
f o r t y ,  b e g in n in g  a t  th e  o u te r  edge o f  th e  c o n t i n e n t a l  s h e l f  and bounded 
on th e  o u t s id e  by a  r a t h e r  a b r u p t  d e c re a s e  i n  s lo p e  w here th e  c o n t in e n ta l  
r i s e  b e g in s  a t  d e p th s  ra n g in g  from  a b o u t 1 ,5 0 0  m e te rs  to  3 ,0 0 0  m e te r s  
d e p th  o f  w a te r  (H eezen j2t  a l . , 1959 ).
In  t h i s  s tu d y  th e  u p p er m arg in  o f  th e  c o n t i n e n t a l  s lo p e  f o r  th e  
G u lf o f  M exico i s  d e f in e d  a s  th e  200 m e te r  c o n to u r  i n t e r v a l .  P r o v in c i a l  
s u b d iv is io n s  o f  R egion  I  in c lu d e  th e  W est F lo r id a  S lo p e , T e x a s -L o u is ia n a  
S lo p e , E a s t  M exico S lo p e , and th e  Campeche S lo p e .
The W est F lo r id a  S lo p e  i s  bounded on th e  e a s t  by th e  F lo r id a  S h e lf  
a t  t h e  200 m e te r  c o n to u r  i n t e r v a l .  The s o u th e r n  bound i s  th e  S t r a i t  o f  
F lo r id a  a t  24°N l a t i t u d e  and 84°W lo n g i tu d e .  The w e s te rn  bound i s  
d e l in e a t e d  by an  a b r u p t  change  in  s lo p e  g r a d ie n t  m arked by  th e  b o tto m  o f 
th e  W est F lo r id a  E scarpm en t a t  th e  3 ,0 0 0  m e te r  c o n to u r  i n t e r v a l .  The 
n o r th e r n  bound o f  t h i s  p ro v in c e  i s  d e f in e d  a s  th e  D eSoto C anyon, th e  
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l a t i t u d e  and 87°W lo n g i tu d e .
The T e x a s -L o u is ia n a  S lo p e  i s  bounded on th e  e a s t  b y  th e  90°W 
lo n g i tu d e  l i n e  ( s e e  Ewing e t  a l . , 1958, p .  9 9 8 ). The s o u th e r n  boun d ary  
f o r  t h i s  p ro v in c e  i s  d e f in e d  a s  th e  S ig sb e e  S ca rp  a t  a  d e p th  o f  3 ,0 0 0  
m e te rs  and c o n t in u e s  p a r a l l e l  to  th e  edge  o f  s h e l f  a p p ro x im a te ly  a lo n g  
th e  26°N l a t i t u d e  l i n e .  T h is  c o n t i n e n t a l  s lo p e  i s  bounded on th e  w e s t 
by th e  edge o f  th e  T exas c o n t i n e n t a l  s h e l f  a t  200 m e te r s  d e p th  o f  w a te r .  
The n o r th e r n  b o u n d ary  i s  th e  edge o f  th e  Texas and L o u is ia n a  s h e lv e s  a t  
200 m e te r s  d e p th  o f  w a te r .
The E a s t  M exico S lo p e  i s  d e l im i te d  i n  th e  e a s t  by a d e c r e a s e  in  
s lo p e  w hich o c c u rs  a t  3 ,0 0 0  m e te r s  d e p th  o f  w a te r  p a r a l l e l  to  95°W 
lo n g i tu d e .  The s o u th e r n  edge  o f  th e  E a s t  M exico S lo p e  i s  m arked by th e  
edge o f  th e  M exico S h e lf  a t  200 m e te r s  and c o n t in u e s  e a s tw a rd  to  th e  
edge o f  th e  Campeche E scarpm en t a t  92°30'W  lo n g i tu d e .  The edge  o f  th e  
M exico c o n t i n e n t a l  s h e l f  a t  200 m e te rs  d e p th  o f  w a te r  m arks th e  w e s te rn  
b o u n d ary  o f  t h i s  p ro v in c e  and th e  n o r th e r n  boun d ary  i s  p la c e d  a lo n g  th e  
a x i s  o f  th e  A lam inos Canyon t r e n d in g  n o r th w e s tw a rd ly  from  th e  26°N 
l a t i t u d e  l i n e  a d j a c e n t  to  th e  T e x a s -L o u is ia n a  S lo p e .
The Campeche S lo p e  i s  bounded on th e  e a s t  by th e  Campeche C hannel 
a lo n g  a  b re a k  in  s lo p e  a t  th e  3 ,0 0 0  m e te r  c o n to u r  l i n e .  The s o u th e rn  
edge o f  t h i s  p ro v in c e  i s  th e  edge o f  th e  Campeche S h e lf  a t  200 m e te rs  
d e p th  o f  w a te r .  W est o f  t h e  Campeche S lo p e  l i e s  th e  edge o f  th e  Campeche 
E scarpm en t a t  92°30'W  lo n g i tu d e .  The n o r th e r n  b o u n d ary  o f  th e  Campeche 
S lo p e  i s  d e f in e d  a s  th e  Campeche E sca rp m en t, a  b re a k  in  s lo p e  a t  3 ,0 0 0  
m e te rs  d e p th  o f  w a te r .
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R eg ion  I I ; C o n t in e n ta l  R is e
The c o n t i n e n t a l  r i s e  i s  a  su b m arin e  s u r f a c e  beyond th e  b a s e  o f  th e  
c o n t i n e n t a l  s lo p e ,  g e n e r a l ly  w ith  a  g r a d ie n t  o f  l e s s  th a n  1 :1 0 0 0 , o c c u r -  
r i n g  a t  d e p th s  from  a b o u t 1 ,5 0 0  to  5 ,7 0 0  m e te r s ,  and le a d in g  down to  
a b y s s a l  p l a i n s  (H eezen  e t  a l . , 1 9 5 9 ).
F or th e  G u lf o f  M exico , th e  c o n t in e n ta l  r i s e  s t a r t s  a t  th e  b a s e  o f  
th e  v a r io u s  c o n t i n e n t a l  s lo p e s  a t  a p p ro x im a te ly  3 ,0 0 0  m e te rs  d e p th  o f 
w a te r .  P r o v in c i a l  s u b d iv i s io n s  o f  R eg ion  XI in c lu d e  th e  N o rth e rn  R is e ,  
W este rn  R is e ,  and  th e  S o u th e rn  R is e .
The N o rth e rn  R is e  ( c a l l e d  th e  S ig sb e e  Wedge by W ilhelm  and Ew ing, 
1972) i s  bounded on th e  e a s t  by th e  M is s i s s i p p i  Cone a t  a p p ro x im a te ly  
90°30'W  lo n g i tu d e .  The s o u th e rn  b o u n d ary  i s  d e l im i te d  by  a d e c r e a s e  in  
s lo p e  a t  th e  3 ,5 0 0  m e te r  c o n to u r  i n t e r v a l ,  a d j a c e n t  to  th e  S ig s b e e  P l a i n .  
The w e s te rn  b o u n d ary  was a r b i t r a r i l y  p la c e d  a p p ro x im a te ly  p a r a l l e l  to  
th e  25°N l a t i t u d e  l i n e  and a d ja c e n t  t o  th e  E a s t M exico S lo p e . The n o r th ­
e rn  b o u n d ary  o f  th e  N o rth e rn  R is e  i s  p la c e d  a t  th e  b a s e  o f  th e  S ig sb e e  
E scarpm en t in  a p p ro x im a te ly  3 ,0 0 0  m e te rs  o f  w a te r .
The W este rn  R is e  i s  bounded on th e  e a s t  by  th e  S ig sb e e  P l a i n  a t  
3 ,5 0 0  m e te rs  a p p ro x im a te ly  p a r a l l e l  to  95°W lo n g i tu d e .  The s o u th e rn  
b o u n d ary  i s  a r b i t r a r i l y  p la c e d  a p p ro x im a te ly  p a r a l l e l  to  th e  22°N 
l a t i t u d e  and th e  w e s te rn  b o u n d ary  i s  m arked by th e  3 ,0 0 0  m e te r  c o n to u r  
l i n e  a d j a c e n t  to  th e  E a s t  M exico S lo p e . The n o r th e r n  b o u n d ary  i s  
a d j a c e n t  to  th e  N o rth e rn  R is e  a t  a b o u t 25°N l a t i t u d e .
The S o u th e rn  R is e  p in c h e s  o u t  to  th e  e a s t  a g a i n s t  th e  Campeche 
E scarpm en t a t  90°W lo n g i tu d e .  The s o u th e rn  b o u n d ary  o f  t h i s  p ro v in c e  
i s  a d j a c e n t  to  th e  Campeche E scarpm en t and th e  E a s t  M exico S lo p e , s t a r t ­
in g  a t  3 ,0 0 0  m e te rs  and e x te n d in g  down to  3 ,5 0 0  m e te r s .  The w e s te rn
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bo u n d ary  o f  th e  S o u th e rn  R is e  i s  p a r a l l e l  to  95°W lo n g i tu d e  a d j a c e n t  
t o  th e  E a s t  M exico S lo p e . To th e  n o r t h ,  th e  S o u th e rn  R is e  i s  bounded 
by th e  W este rn  R is e  a p p ro x im a te ly  p a r a l l e l  to  22°N l a t i t u d e .
R eg ion  I I I : A b y ss a l P la in
An a b y s s a l  p l a i n  i s  a  f l a t ,  n e a r l y  l e v e l  a r e a  w h ich  o c c u p ie s  th e  
d e e p e s t  p o r t i o n  o f  many ocean  b a s in s  (H eezen e t  a l . , 1 9 5 4 ).
F o r th e  G u lf o f  M exico two p ro v in c e s  a r e  d e f in e d  w i th in  th e  a b y s s a l  
p l a i n .  In  th e  w es t c e n t r a l  G u lf ,  th e  S ig s b e e  P l a i n  P ro v in c e  i s  bounded 
by th e  N o r th e rn , W e s te rn , and  S o u th e rn  C o n t in e n ta l  R is e s  and to  th e  
e a s t  by th e  M is s i s s i p p i  C one. A t th e  m outh o f  th e  G u lf  o f  M exico w here 
th e  C a rib b e a n  and  A t l a n t i c  com m unicate  w i th  th e  G u lf  S ystem , th e  E a s te rn  
P la in  P ro v in c e  i s  d e f in e d  e a s t  o f  th e  Campeche S lo p e , s o u th  o f  th e  edge 
o f  t h e  M is s i s s i p p i  Cone a t  a p p ro x im a te ly  3 ,0 0 0  m e te r s  d e p th  o f  w a te r  and 
w e s t o f  th e  W est F lo r id a  S lo p e .
R eg ion  IV : M is s i s s i p p i  Cone
The M is s i s s i p p i  Cone i s  a  u n iq u e  p h y s io g ra p h ic  f e a t u r e  d e p o s i te d  a s  
a  cone  o f  c l a s t i c  s e d im e n ts  s p r e a d in g  o u t  from  th e  m outh o f  th e  
M is s i s s i p p i  R iv e r  e a s tw a rd  to  th e  b a s e  o f  th e  F lo r id a  E sca rp m en t, s o u th ­
w ard to  th e  a p p ro x im a te  3 ,2 0 0  m e te r  c o n to u r  l i n e ,  and  w estw ard  to  th e  
ed g es o f  th e  T e x a s -L o u is ia n a  S lo p e  and  th e  N o r th e rn  R is e .  T h is  r e g io n  
can  be d iv id e d  i n t o  two p r o v in c e s .
The U pper M is s i s s i p p i  Cone i s  bounded on th e  e a s t  by  th e  D eSoto 
Canyon and th e  edge o f  th e  W est F l o r i d a  S lo p e . The s o u th e r n  b o rd e r  i s  
p la c e d  a t  th e  3 ,0 0 0  m e te r  c o n to u r  l i n e  w here  a  d e c r e a s e  i n  s lo p e  o c c u r s .  
The w e s te rn  b o u n d ary  i s  th e  e a s tw a rd  b o u n d ary  o f  th e  T e x a s -L o u is ia n a  
S lo p e . The Upper M is s i s s i p p i  Cone to  th e  n o r th  I s  bounded by th e  200
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m e te r  c o n to u r  l i n e  a t  th e  s h e l f  edge .
The Lower M is s i s s i p p i  Cone i s  a  n a rro w  band o f  s e d im e n ts  bounded on 
th e  e a s t  by th e  W est F lo r id a  S lo p e . The s o u th e r n  boundary  i s  d e f in e d  by 
th e  d e c re a s e  in  s lo p e  a t  3 ,2 0 0  m e te rs  d e p th  o f  w a te r .  The w e s te rn  
b o u n d ary  o f  t h i s  p ro v in c e  i s  a d ja c e n t  t o  th e  T e x a s -L o u is ia n a  S lo p e  and 
th e  n o r th e r n  boundary  i s  d e f in e d  a s  th e  3 ,0 0 0  m e te r  c o n to u r  l i n e  
a d j a c e n t  t o  th e  s o u th e rn  edge o f  th e  Upper M is s i s s i p p i  Cone.
Optimum a l l o c a t i o n  o f  th e  sam p les  o b ta in e d  f o r  t h i s  s tu d y  was made 
f o r  th e  g e o g r a p h ic a l  p ro v in c e s  d e f in e d  b a se d  on p la n im e t r i c  m easu rem en ts .
As a  r e s u l t  o f  t h i s  sam p lin g  p la n ,  th e  sam ple  d e n s i t y  was a p p ro x im a te ly  
one sam ple  p e r  1 7 ,5 0 0  s q u a re  k i l o m e te r s .  W hile  t h i s  i s  c l o s e l y  sp aced  
sam p lin g  com pared w ith  some d eep  ocean  s u r v e y s ,  su ch  sam ple  d e n s i t y  p u ts  
i n t o  p e r s p e c t iv e  th e  r e g io n a l  n a t u r e  o f  t h i s  i n v e s t i g a t i o n .  The map 
l o c a t io n s  f o r  eac h  o f  th e s e  sam p les  i s  shown on t e x t - f i g u r e  10 . The 53 
sam p les  u sed  w ere  random ly  s e l e c t e d  from  a  g r e a t e r  number o f  sam p les  
a v a i l a b l e .
Sample l o c a t io n  and L .S .U . D epartm en t o f  G eology Museum assem b lag e  
num bers w ere  a s s ig n e d  to  th e  b o tto m  se d im e n t s a m p le s . In  o rd e r  to  p r e ­
c lu d e  b i a s  due to  p r e f e r e n t i a l  s e l e c t i o n  o f  sam p les  f o r  o r d e r  o f  s tu d y ,  
th e  sam ple  num bers w ere random ly  ch o sen  f o r  p r o c e s s in g  and d a ta  c o l l e c t ­
in g .  The i n v e s t i g a t o r  d id  n o t  know from  w hich  p ro v in c e  o r  r e g io n  a  
sam ple  came u n t i l  th e  f i n a l  d a ta  w ere r e c o rd e d  on IBM key punch c a rd s  a t  
th e  end o f  th e  i n v e s t i g a t i o n .  I t  i s  assum ed t h a t  o p e r a to r  b i a s  was th u s  
re d u c e d  i f  n o t  e l im in a te d  d u r in g  sam ple  p r e p a r a t i o n ,  spec im en  i d e n t i f i c a ­
t i o n ,  and r e l a t i v e  f re q u e n c y  c o u n tin g  p ro c e d u re s .
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Sample p r e p a r a t io n  p ro c e d u re
C o c c o l l th s  and r e l a t e d  c a lc a r e o u s  n a n n o f o s s l l s  w ere  re c o v e re d  from  
w hole s e d im e n t sam p les  by e x t r a c t i o n  te c h n iq u e s  o u t l i n e d  in  T a b le s  I  and
I I .
B ecause a s se m b la g e s  o f  p h y to p la n k to n  f r e q u e n t ly  c o n ta in  more 
o rg an ism s  o r  f o s s i l s  th a n  i t  i s  r e a s o n a b le  to  c o u n t ,  abundance  d a ta  a r e  
b a se d  on th e  e n u m e ra tio n  o f  r e p r e s e n t a t i v e  su b sa m p le s . The s t a t i s t i c s  
o f  su b sa m p lin g  i s  d i s c u s s e d  in  V e n r ic k  (1 9 7 1 ) . Whole se d im e n t sam p les 
w ere  hom ogen ized , s p l i t ,  d i s p e r s e d  i n  w a te r ,  th e n  p re p a re d  f o r  v ie w in g  
by T ra n s m is s io n  and S can n in g  E le c t r o n  M ic ro sco p y .
The r a t i o n a l e  o f  te c h n iq u e s  and a p p l i c a t i o n s  o f  e l e c t r o n  m ic ro sco p y  
to  m ic r o p a le o n to lo g ic a l  s t u d i e s  i s  d is c u s s e d  by B ra d le y  (1 9 5 4 ) ,  B rooker 
(1 9 5 4 ) , Hay (1 9 6 4 ) , A lle n  (1 9 6 5 ) , K r in s le y  and Be (1 9 6 5 ) , D wornik
(1 9 6 6 ) , S andberg  and  Hay (1 9 6 7 ) , J o h a r i  (1 9 7 1 ) , P a u lso n  and  P ie r c e  
(1 9 7 2 ) , J o h a r i  and DeNee (1 9 7 2 ) , E c h lin  and  Hyde (1 9 7 2 ) , and P ie r c e  and 
P au lso n  (1 9 7 3 ) .
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TABLE I
T.E.M . PROCESSING TECHNIQUES FOR COCCOLITH ANALYSIS
1 . S p l i t  d ry  sam ple  and w eigh i n t o  two 0 .5  gram sam p les  and p ro c e s s  
ea c h  a s  f o l lo w s :
2 . Take 0 .5  gram d ry  sam p le  and d i s p e r s e  i n  20 m l d e io n iz e d ,  d i s t i l l e d
w a te r .  A d ju s t pH o f w a te r  to  s l i g h t l y  b a s ic  to  e n s u re  no d i s s o l u ­
t i o n .
3 . Add 5 ml o f  5-10% s o lu t i o n  o f  f o r  t h r e e  to  fo u r  h o u rs  t o  o x id iz e
and rem ove o r g a n ic s .
4 . Use a  m a g n e tic  s t i r r i n g  d e v ic e  to  hom ogenize th e  sam p le  w h ile  rem ove- 
in g  a  20X m ic r o p ip e t t e  a l i q u o t .
5 . D i s t r i b u t e  l i q u i d  a l i q u o t  o n to  s u r f a c e  o f  f r e s h l y  c le a v e d  m u sc o v ite  
u s in g  a F u lla ra  S p ray  M ounter a t  a  s e t  d i s t a n c e  o f  s i x  in c h e s .
6 . A ir  d ry  sam p le  i n  c le a n  la b  th e n  shadow w ith  p la t in u m -p a lla d iu m
t h i n - f i l m  i n  vacuum e v a p o ra to r  a t  30° a n g le  from  h o r i z o n t a l .
7 . C o a t sam p le  w ith  ^  30& t h i n - f i l m  o f  c a rb o n  d e p o s i t e d  no rm al to  
m u sc o v ite  p l a t e ,
8 . Remove sam ple  from  vacuum e v a p o ra to r  and s c o r e  sam ple  s u r f a c e  in t o  
s m a l l  s q u a re s  w ith  s c a p e l .
9 . D ip s c o re d  sam p le  and  s u b s t r a t e  i n t o  p e t r i - d i s h  o f  5% s o lu t i o n  HC1. 
T h in - f i lm  p lu s  a d h e r in g  sam ple  m a t e r i a l  sh o u ld  f l o a t  o f f  i n t o  HCl 
b a th  a t  t h i s  p o i n t .  A llow  sam ple  to  f l o a t  a s  s u r f a c e  f i lm  f o r  24 
h o u r s .
10. Remove c a rb o n  t h i n - f i l m  from  HCl by c a r e f u l l y  l i f t i n g  i t  from  u n d e r­
n e a th  w ith  f i n e  mesh w ire  sp o o n .
11. T r a n s f e r  c a rb o n  t h i n - f i l m  i n t o  a  p e t r i - d i s h  f i l l e d  w ith  d i s t i l l e d  
w a te r .  A llow  to  s ta n d  12 h o u rs  t o  w ash f i lm .  T r a n s f e r  c a rb o n  t h i n -  
f i lm  to  seco n d  w a te r  b a th  and r e p e a t  tim e  o f w ash .
12 . Remove c a rb o n  t h i n - f i l m  from  w a te r  b a th  a s  in  s t e p s  10 and 11 and 
p la c e  i n  a  p e t r i - d i s h  f i l l e d  w ith  10% s o l u t i o n  HF. A llow  to  s ta n d  
48 h o u rs  a s  f r e e  f l o a t i n g  s u r f a c e  f i lm .
13 . Remove from  HF a c id  b a th  and r e p e a t  s t e p  11.
14 . Take s ta n d a r d  200 mesh c o p p e r  T .E .M . g r id  and  c a p tu r e  t h i n - f i l m  on 
s u r f a c e .  A f te r  t h i n - f i l m  and  g r id  h av e  a i r  d r i e d ,  sam ple  i s  re a d y  
f o r  v ie w in g  in  a  T ra n s m is s io n  E le c t r o n  M ic ro sc o p e .
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TABLE II
S.E .M . PROCESSING TECHNIQUES FOR COCCOLITH ANALYSIS
1 . S p l i t  and w eigh  d ry  sam ple  i n t o  two 0 .5  gram sam p les  and p ro c e s s  
each  a s  f o l lo w s :
2 . Take 0 .5  gram  d ry  sam ple  and d i s p e r s e  i n  20 ml d io n iz e d ,  d i s t i l l e d  
w a te r .  A d ju s t  pH o f  w a te r  to  s l i g h t l y  b a s ic  to  e n s u re  no 
d i s s o l u t i o n .
3 . Add 5 m l o f  5-10% s o lu t i o n  o f  f o r  t h r e e  to  fo u r  h o u rs  to  o x id iz e
and rem ove o r g a n ic s .
4 . Use a m a g n e tic  s t i r r i n g  d e v ic e  t o  hom ogenize th e  sam ple  w h ile  r e ­
m oving a  20A m ic r o p ip e t te  a l i q u o t .
5 . C le a n , p o l i s h ,  and s c o re  th e  s u r f a c e  o f  a  s ta n d a r d  c i r c u l a r  S.E .M . 
s tu b  w ith  two p a r a l l e l  l i n e s  2 mm a p a r t  w hich  b i s e c t  th e  s tu b .
6. D i s t r i b u t e  th e  l i q u i d  a l i q u o t  o n to  th e  s u r f a c e  o f  th e  p re p a re d
S.E .M . s tu b .  C a r e f u l ly  d ry  th e  s u r f a c e  i n  a c le a n  l a b .
7. Vacuum e v a p o ra te  a  250& g o ld -p a l la d iu m  t h i n - f i l m  o v e r th e  s u r f a c e  o f 
th e  s tre w n  sam ple  and s tu b .  Remove s tu b  from  e v a p o r a to r ,  sam ple  i s  
now re a d y  f o r  v ie w in g  in  th e  S can n in g  E le c t r o n  M ic ro sc o p e .
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C o l l e c t io n  o f  d a ta
From th e  te n  T.E.M . g r id s  p re p a re d  f o r  eac h  sa m p le , f i v e  w ere  r a n ­
domly s e l e c t e d  and exam ined f o r  c o c c o l i t h  c o n te n t .  Each o f  th e  f i v e  
s e l e c t e d  g r id s  was t o t a l l y  exam ined and eac h  new m orpho type  was p h o to ­
g ra p h e d . The T ra n s m is s io n  E le c t r o n  M ic ro sco p e  was ch o sen  to  c h a r a c t e r i z e  
th e  d e t a i l s  o f  th e  u l t r a s t r u c t u r e  b e c a u se  o f  th e  i n h e r e n t  h ig h e r  r e s o l u ­
t io n  w hich  t h i s  ty p e  o f  in s tru m e n t  h a s  o v e r th e  S can n in g  E le c t r o n  
M ic ro sc o p e . The d i f f e r e n c e s  i n  p h o to  im agery  and r e s o l u t i o n  a r e  r e a d i l y  
a p p a re n t  when com paring  th e  T.E.M . and S.E .M . p h o to m ic ro g ra p h s  h e r e in  
p r e s e n te d  a s  P l a t e s  1 th ro u g h  21.
From th e  t h r e e  S.E .M . s tu b s  p re p a re d  f o r  each  sa m p le , two w ere  r a n ­
domly s e l e c t e d  and exam ined f o r  c o c c o l i t h  c o n te n t .  T h ere  w ere  no b a r r e n  
sa m p le s . Due to  th e  p r o f u s io n  o f  E m il ia n ia  h u x le y i , f o r  each  o f  th e  two 
s tu b s  p e r  sam p le , f i r s t  a  t o t a l  o f  one h u n d red  and  f i f t y  c o c c o l i t h s  was 
c o u n te d  r e c o r d in g  o n ly  JE. h u x le y i  v e r s u s  a l l  o th e r  c o c c o l i t h s  and r e ­
l a t e d  n a n n o f o s s i l s .  Then e x c lu d in g  JS. h u x le y i , a  second  c o u n t o f  a 
t o t a l  o f  one hu n d red  and f i f t y  c o c c o l i t h s  and r e l a t e d  n a n n o f o s s i l s  was 
m ade. In  eac h  c a s e  th e  f re q u e n c y  c o u n ts  w ere  o b ta in e d  from  w i th in  th e  
in s c r ib e d  a r e a  o f  th e  S .E .M . s tu b  a s  d e f in e d  in  T a b le  I I .  In c lu d e d  in  
th e s e  c o u n ts  was th e  f re q u e n c y  o f  o c c u r re n c e  o f  a l l  sp ec im en s r e g a r d l e s s  
o f  p r e s e r v a t io n ,  p ro v id e d  a t  l e a s t  50 p e r c e n t  o f  th e  i n d i v i d u a l  was 
p r e s e n t .  T hese f re q u e n c y  t a b u l a t i o n s  a r e  p r e s e n te d  i n  A ppendix  C.
The p r o b a b i l i t y  o f in c lu d in g  a t  l e a s t  one i n d i v id u a l  from  each  
s p e c ie s  w hich  c o m p rise s  two o r  m ore p e r c e n t  o f  t h e  p o p u la t io n  from  a  
t o t a l  f re q u e n c y  c o u n t o f  150 c o c c o l i t h s  i s  95 p e r c e n t .  T h is  p r o b a b i l i t y  
s ta te m e n t  i s  b a sed  on th e  a s su m p tio n  t h a t  th e  c o c c o l i t h s  e n c o u n te re d  
w ere  random ly  d is p e r s e d  o v e r th e  s u r f a c e  o f  th e  s tu b  and i s  b a se d  on th e
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p r o b a b i l i t y  t a b l e s  o f  Shaw (1 9 6 4 , p p . 107-110) and  D enn ison  and Hay
(1 9 6 7 ).
The c a lc a r e o u s  n a n n o p la n k to n  g e n e ra  and  s p e c ie s  e n c o u n te re d  d u r in g  
t h i s  s tu d y  w ere o g ra n iz e d  i n t o  a  h ie r a r c h y  w h ich  i s  e s s e n t i a l l y  b a sed  on 
m o rp h o lo g ic a l s i m i l a r i t i e s  o f  ta x a  r a t h e r  th a n  on any  assum ed 
p h y lo g e n e t ic  r e l a t i o n s h i p s .  B ecause  taxonom ic r e v i s i o n s  o f  c o c c o l i t h s  
a r e  so  f r e q u e n t ,  th e  h ie r a r c h y  a d o p te d  i s  b a se d  on t h a t  p r e s e n te d  by 
L o e b lic h  and Tappan (1 9 6 6 , 1968, 1969, 1970a, 1970b, 1971) in  th e  
A n n o ta ted  In d ex  and B ib l io g ra p h y  o f  th e  C a lc a re o u s  N a n n o p la n k to n . The 
taxonom ic h ie r a r c h y  h e r e in  u sed  i s  p r e s e n te d  a s  A ppendix  A.
F req u en cy  d a ta  f o r  a l l  taxonom ic c a t e g o r i e s  d e f in e d  above  th e  
s p e c ie s  l e v e l  w ere o b ta in e d  by summing th e  f re q u e n c y  o f  o c c u r re n c e  o f  
each  s p e c ie s  in  th e  c a te g o ry  f o r  each  s tu b  s tu d ie d .
In  a d d i t i o n  to  th e  f re q u e n c y  d a ta  c o l l e c t e d  f o r  each  s tu b  exam ined , 
a  s u b je c t iv e  o r d in a l  c l a s s i f i c a t i o n  o f  th e  p r e s e r v a t io n  o f  ea c h  i n d i v i d ­
u a l  in c lu d e d  in  th e  f re q u e n c y  c o u n ts  was r e c o rd e d  u s in g  a  s c a l e  o f  1 
th ro u g h  5 (w here  5 r e p r e s e n te d  p o o r e s t  p r e s e r v a t i o n ) .  A mean p r e s e r v a ­
t i o n  v a lu e  f o r  eac h  ta x o n  from  each  sam ple  was c a l c u l a t e d .  T h ese  d a ta  
a r e  d e f in e d  and p r e s e n te d  in  A ppendix  D. T e x t - f i g u r e s  11 and  12 
i l l u s t r a t e  th e  c l a s s i f i c a t o r y  schem e o f  p r e s e r v a t io n  v a lu e s  from  1 to  5 
f o r  t h e  m ost common m o rp h o ty p es e n c o u n te re d  i n  b o tto m  o f  th e  G u lf o f  
M exico . P r e s e r v a t io n  d a t a  f o r  a l l  taxonom ic  c a t e g o r i e s  d e f in e d  above  th e  
s p e c ie s  l e v e l  w ere  o b ta in e d  by a v e ra g in g  th e  mean p r e s e r v a t io n  v a lu e s  f o r  
ea c h  s p e c ie s  i n  th e  c a te g o ry  f o r  each  s tu b  s tu d ie d .
S t a t i s t i c a l  a n a l y s i s
T h ree  s t a t i s t i c a l  te c h n iq u e s  w ere  a p p l ie d  to  th e  f re q u e n c y  and
MORPHOTYPE
1
No A l t e r a t i o n
COCCOLITH MORPHOTYPE PRESERVATION SCALE
2 3 4 5





(B ra a ru d )  
e t  a l .  
1954
RHABDOLITH
(S ch m id t)
1870
SCAPHOLITH
(D e f la n d re )  
1954
T e x t-F ig u re  11. I l l u s t r a t i o n  o f  th e  s u b je c t iv e  s c a l e  u se d  to  e v a lu a te  th e  s t a t e  o f  p r e s e r v a t io n  o f  v a r io u s  
n a n n o f o s s i l  t a x a .  S c a le  v a lu e s  ra n g e  from  1 to  5 w h ere : (1 ) = w e l l  p re s e rv e d  sp ec im en s w ith  no (<10%)
m is s in g  o r  d i s s o lv e d  s t r u c t u r a l  e le m e n ts ;  (2 ) = sp ec im en s w ith  s l i g h t  a l t e r a t i o n  (<20% m is s in g  o r  d is s o lv e d  
s t r u c t u r a l  e l e m e n ts ) ; (3 ) = sp ec im en s w ith  m o d e ra te  a l t e r a t i o n  (<30% m is s in g  o r  d is s o lv e d  s t r u c t u r a l  e l e ­
m e n ts ) ; (4 ) = sp ec im en s w ith  s e v e r e  m o d i f ic a t io n  (<40% m is s in g  o r  d i s s o lv e d  s t r u c t u r a l  e le m e n ts ) ;  (5 ) = 
sp ec im en s  w ith  e x tre m e  a l t e r a t i o n  (<50% m is s in g  o r  d i s s o lv e d  s t r u c t u r a l  e le m e n ts ) .
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T e x t-F ig u re  12 . S c a le  o f  p r e s e r v a t io n  v a lu e s  1 to  5 i l l u s t r a t e d  by 
E m il ia n ia  h u x le y i . Specim en n o s .  1 -2  = p r e s e r v a t io n  v a lu e  1; Specim en 
n o s ,  3 -5  = p r e s e r v a t io n  v a lu e  2 ; Specim en n o s .  6 -8  ** p r e s e r v a t io n  v a lu e  
3 ; Specim en n o s .  9 -1 0  = p r e s e r v a t io n  v a lu e  4 ; Specim en n o s . 11-12  = 
p r e s e r v a t io n  v a lu e  5 .
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p r e s e r v a t io n  d a t a  c o l l e c t e d  d u r in g  th e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n :  A
n e s te d  a n a l y s i s  o f  v a r i a n c e  i n  a  c o m p le te ly  ran d o m ized  d e s ig n ,  a  maximum 
2
R im provem ent r e g r e s s io n  te c h n iq u e ,  and a  Q-mode c l u s t e r  a n a l y s i s .  In  
a l l  t h r e e  a n a l y s e s ,  th e  e x p e r im e n ta l  u n i t  was th e  S .E .M . s tu b ,  and  th e  
f re q u e n c y  c o u n ts  o b ta in e d  o r  th e  p r e s e r v a t io n  v a lu e  a s s ig n e d  to  each  
tax o n  s e rv e d  a s  th e  o b s e r v a t io n s  made on th e  e x p e r im e n ta l  u n i t s .
A ssu m p tio n s  made f o r  th e  n e s te d  a n a l y s i s  o f  v a r i a n c e  i n  a  c o m p le te -
2
ly  random ized  d e s ig n  and th e  maximum R im provem ent r e g r e s s io n  te c h n iq u e  
a r e  a s  f o l lo w s :
1 . A random  ( r e p r e s e n t a t i v e )  sam ple  was draw n from  each  
p o p u la t io n .
2 . The p o p u la t io n  sam pled  was n o rm a lly  d i s t r i b u t e d .  T h is  
a s su m p tio n  becom es l e s s  im p o r ta n t  a s  th e  sam ple  s i z e  
i s  in c r e a s e d  due to  th e  f a c t  t h a t  th e  sam ple  mean 
com puted from  each  sam p le  w i l l  b e  from  a  p o p u la t io n  t h a t
i s  n o rm al o r  a p p ro a c h in g  n o r m a l i ty  a s  sam p le  s i z e  i n c r e a s e s ,  
r e g a r d l e s s  o f  t h e  d i s t r i b u t i o n  o f  th e  o r i g i n a l  p o p u la t io n .
3 . P o p u la t io n  v a r ia n c e s  a r e  hom ogenous. The e f f e c t  o f  
h e t e r o g e n i ty  o f  p o p u la t io n  v a r ia n c e s  can  b e  re d u c e d  by 
e q u a l iz in g  th e  sam p le  s i z e  ( L i ,  1964, p .  4 1 ) .
The Q-mode c l u s t e r  a n a l y s i s  assum es th e  fo l lo w in g :
1 . S am pling  r e p r e s e n t a t i v e  o f  th e  G u lf  System  was d e n se  enough 
to  a l lo w  c l u s t e r s  to  b e  d e f in e d ,
2 . The m appab le  v a r i a b i l i t y  among sam p les  from  th e  G u lf o f  
M exico w ith  r e s p e c t  to  t h e i r  c h a r a c t e r i z e d  n a n n o f lo r a  
d o es  e x i s t .
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N ested  a n a l y s i s  o f  v a r ia n c e
The sam p lin g  a rra n g e m e n t u sed  i n  t h i s  s tu d y  a llo w e d  f o r  th e  
e v a lu a t io n  o f  d i f f e r e n c e s  i n  th e  r e l a t i v e  f re q u e n c y  o f  o c c u r re n c e  o r  
mean p r e s e r v a t io n  v a lu e s  f o r  each  o f  th e  ta x a  o b s e rv e d . S p e c i f i c a l l y  
th e s e  d i f f e r e n c e s  w ere e v a lu a te d  among c o re s  from  th e  same p r o v in c e s ,  
among p ro v in c e s  w i th in  a  s in g l e  r e g io n ,  and among th e  fo u r  r e g io n s .  Any 
o b s e r v a t io n  th e n  can  be c o n s id e re d  a s  composed o f  t h e  e f f e c t s  o f  r e g io n s ,  
p ro v in c e s  w i th in  r e g io n s ,  c o re s  w i th in  p ro v in c e s  w i th in  r e g io n s  and 
s tu b s  w i th in  c o re s  w i th in  p ro v in c e s  w i th in  r e g io n s .  The l i n e a r  a d d i t i v e  
m odel w hich  e x p re s s e s  th e  p e rfo rm a n c e  o f  an  i n d i v i d u a l  ta x o n  and  th e  
a n a l y s i s  f o r  each  ta x o n  in c lu d in g  th e  d e g re e s  o f  freed o m , mean s q u a re ,  
and v a r ia n c e  com ponent a s s o c i a t e d  w ith  each  s o u rc e  o f  v a r i a t i o n  i s  g iv e n  
in  A ppendix  E. In  o rd e r  to  in s u r e  g e o g ra p h ic  r e p r e s e n t a t i o n ,  and enough 
d e g re e s  o f  freedom  f o r  a  co m p le te  a n a l y s i s  o v e r  a l l  t r e a tm e n t  l e v e l s ,  
r e l a t i v e  f re q u e n c y  a n a ly s e s  o f  v a r ia n c e  w ere p e rfo rm e d  o n ly  on th o s e  
ta x a  whose t o t a l  f re q u e n c y  was te n  o r  g r e a t e r  and w ere  p r e s e n t  in  a t  
l e a s t  f i v e  sam p les  r e p r e s e n t a t i v e  o f  a t  l e a s t  two r e g io n s  o f  th e  G u lf .
In  a d d i t i o n  to  th e  c r i t e r i a  a p p l ie d  to  th e  s e l e c t i o n  o f  ta x a  f o r  f r e ­
quency  a n a ly s e s ,  mean p r e s e r v a t io n  v a lu e  a n a ly s e s  w ere  n o t  p e rfo rm ed  on 
th o s e  ta x a  w hich  d id  n o t  d i s p la y  any  v a r i a b i l i t y ,  b u t  w ere  a lw ays 
p re s e rv e d  in  th e  same m anner r e g a r d l e s s  o f  th e  s a m p le 's  g e o g ra p h ic  lo c a ­
t i o n .  The g e n e r a l iz e d  r e s u l t s  o f  th e s e  a n a ly s e s  a r e  d is c u s s e d  in  th e  
fo llo w in g  c h a p te r .
2Maximum im provem ent r e g r e s s io n  te c h n iq u e
The r e l a t i v e  f re q u e n c y  o f  o c c u r re n c e  o f  eac h  ta x o n  and i t s  a v e ra g e
2
p r e s e r v a t io n  v a lu e  was a n a ly z e d  a c c o rd in g  to  th e  maximum R im provem ent
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r e g r e s s io n  te c h n iq u e  e x p la in e d  in  A ppendix  F . T h is  was done i n  o rd e r  to  
e v a lu a te  th e  in f lu e n c e  o f  ch an g es  i n  th e  l i n e a r ,  q u a d r a t i c ,  c u b ic ,  and 
q u a r t i c  e f f e c t s  o f  w a te r  d e p th  on th e s e  d a t a .  A lso  th e  r e g r e s s io n  m odel 
w hich e x p re s s e s  th e  p e rfo rm a n c e  o f  an  i n d i v id u a l  o b s e r v a t io n  i s  g iv e n  in  
A ppendix  F . The a n a l y s i s  f o r  eac h  ta x o n  in c lu d e s  i t s  p r e d i c t i o n  e q u a t io n  
and a r a t i o  o f  th e  v a r i a t i o n  a c c o u n te d  f o r  by t h a t  p r e d i c t i o n  e q u a t io n  to  
th e  t o t a l  v a r i a t i o n .  I n  o rd e r  to  i n s u r e  g e o g ra p h ic  r e p r e s e n t a t i o n ,  and 
enough d e g re e s  o f  freedom  f o r  a  co m p le te  a n a l y s i s ,  r e g r e s s io n  a n a ly s e s  
w ere p e rfo rm e d  o n ly  on r e l a t i v e  f re q u e n c y  d a t a  f o r  th o s e  ta x a  whose 
t o t a l  f re q u e n c y  was te n  o r  g r e a t e r  and w ere  p r e s e n t  i n  a t  l e a s t  f i v e  
sam p les  r e p r e s e n t a t i v e  o f  a t  l e a s t  two r e g io n s  o f  th e  G u lf o f  M exico .
I n  a d d i t io n  to  th e  a fo re m e n tio n e d  c r i t e r i a  a p p l ie d  to  th e  s e l e c t i o n  o f 
ta x a  f o r  f re q u e n c y  a n a ly s e s ,  mean p r e s e r v a t io n  v a lu e  a n a ly s e s  w ere n o t  
p e rfo rm ed  on th o s e  ta x a  w h ich  d id  n o t  d i s p l a y  any v a r i a b i l i t y ,  b u t  w ere 
a lw ays p re s e rv e d  i n  th e  same m anner r e g a r d l e s s  o f  th e  d e p th  o f  w a te r  a t  
th e  sam p lin g  s t a t i o n .  The g e n e r a l iz e d  r e s u l t s  o f  th e s e  r e g r e s s io n  
a n a ly s e s  a r e  d is c u s s e d  in  th e  fo l lo w in g  c h a p te r .
Q-mode c l u s t e r  a n a l y s i s
On th e  b a s i s  o f  th e  n e s te d  a n a ly s e s  o f  v a r ia n c e  and maximum R 
r e g r e s s io n  a n a ly s e s  on th e  r e l a t i v e  f re q u e n c y  and mean p r e s e r v a t io n  
v a lu e  d a t a ,  e le v e n  s p e c ie s  w ere  ch o sen  f o r  a c l u s t e r  a n a l y s i s .  T o g e th e r  
th e s e  e le v e n  s p e c i e s ,  E m il ia n ia  h u x le y i , G ephyrocapsa  o c e a n lc a , 
U m b ilic o sp h a e ra  m i r a b i l i s , U m b ello sp h aera  i r r e g u l a r i s , C y c lo c o c c o l i th in a  
l e p to p o r a ,  S y ra c o sp h a e ra  p u lc h e r a ,  U m b e llo sp h aera  t e n u i s ,  S c a p h o l i th u s  
f o s s i l i s , R h ab d o sp h aera  s t y l i f e r a , D is c o s p h a e ra  t u b i f e r a ,  and 
T h o ra c o sp h a e ra  h e lm i, r e p r e s e n t  96.53% o f  th e  t o t a l  n a n n o f lo r a  re c o v e re d
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from  th e  b o tto m  o f  th e  G u lf o f  M exico . Each o f  th e  e le v e n  s p e c ie s  
a c c o u n ts  f o r  a t  l e a s t  0.5% o f  th e  t o t a l  n a n n o f lo r a  s tu d ie d .
The p u rp o se  o f  th e  c l u s t e r  a n a l y s i s  was to  show optimum p a i rw is e  
a rra n g e m e n ts  o f  th e  i n t e r r e l a t i o n s h i p s  o f  s t a t i o n s  to  th e  fre q u e n c y  o f  
o c c u r re n c e  o f  th e  e le v e n  s p e c ie s  and t h e i r  mean p r e s e r v a t io n  v a lu e s .
The r e s u l t s  a r e  i l l u s t r a t e d  i n  th e  fo l lo w in g  c h a p te r  a s  a  dend rog ram .
The te c h n iq u e  was d e v e lo p ed  by n u m e ric a l ta x o n o m is ts  and i s  e a s i l y  
a d a p ta b le  to  g e o lo g ic a l  p ro b lem s (S o k a l and S n e a th , 1963; Mayr e t  a l . , 
1953; P a r k s ,  1 9 6 6 ). The d end rog ram , show ing p a i r w is e  r e l a t i o n s  e x p re s s e d  
by s i m i l a r i t y  c o e f f i c i e n t s ,  i s  a g r a p h ic  r e p r e s e n t a t i o n  show ing o r d e r in g  
betw een  p a i r s  o f  s t a t i o n s .  The p a i r s  o f  s t a t i o n s  a r e  o rd e re d  to  b r in g  
th e  m ost s i m i l a r  n e x t  to  one a n o th e r  by s i n g l e ,  u n w eig h ted  l in k a g e .  Un­
w e ig h ted  a v e ra g e  l in k a g e  b u i ld s  c l u s t e r s  a ro u n d  c e n t e r s  o f  th e  m ost 
s im i l a r  p a i r s  o f  s t a t i o n s .  F o r a  s t a t i o n  to  e n t e r  a  c l u s t e r ,  t h e r e f o r e ,  
i t  m ust have a  s i m i l a r i t y  l e v e l  e q u a l  to  th e  a v e ra g e  s i m i l a r i t y  be tw een  
th e  s t a t i o n  in  q u e s t io n  and a l l  e x i s t i n g  members o f  th e  c l u s t e r .  As th e  
s i m i l a r i t y  l e v e l s  a r e  lo w e re d , th e  re m a in in g  u n c lu s t e r e d  s t a t i o n s  and 
one o r  a n o th e r  o f  th e  p r e v io u s ly  e s t a b l i s h e d  c l u s t e r s  j o i n ,  u n t i l  f i n a l l y  
a l l  s t a t i o n s  a r e  in c lu d e d  i n  one l a r g e  c l u s t e r .  T h is  s p e c i f i c  c l u s t e r i n g  
m ethod i s  c a l l e d  th e  U nw eighted P a i r  Group M ethod u s in g  C e n tro id  A verag­
in g  (UPGMC) and i s  d is c u s s e d  in  d e t a i l  by S n ea th  and S o k a l (1 9 6 2 ) ,  and 
S o k a l and S n e a th  (1 9 6 3 ) . By th e  u n w eig h ted  m ethod eac h  e n t i t y  i s  g iv e n  
an e q u a l  in f lu e n c e  on th e  c l u s t e r i n g  d u r in g  th e  p r o c e s s .  The m ethod h a s  
th e  c h a r a c t e r i s t i c  o f  e r e c t in g  c a t e g o r i e s  t h a t  a r e  h i e r a r c h i c  a n d , t h e r e ­
f o r e ,  m u tu a lly  e x c lu s iv e .  A Q-mode c l u s t e r i n g  p ro c e d u re  e n s u re s  t h a t  
s t a t i o n s  a r e  c l u s t e r e d  on th e  b a s i s  o f  th e  n a n n o f lo r a  c o n ta in e d  in  th e  
s a m p le s , and  n o t  on g e o g ra p h ic  p o s i t i o n s .
CHAPTER 4
RESULTS
F i f t y - s i x  s p e c ie s  o f  c o c c o l i t h s  and r e l a t e d  n a n n o f o s s i l s  w ere  r e ­
c o v e re d  d u r in g  t h i s  s tu d y  and w ere  a s s ig n e d  to  t h i r t y - n i n e  g e n e ra  under 
th e  h ig h e r  taxonom ic schem e g iv e n  in  A ppendix  A. The s p e c ie s  c o m p o s itio n  
o f  th e  G u lf Bottom  se d im e n t n a n n o f lo r a  c o r r e l a t e s  w ith  T r o p ic a l  Zone I  
and S u b t r o p ic a l  Zone I I  o f  M cIn ty re  and Be (1967) and S chneiderraann  
(1972) e x c e p t f o r  th e  u n u s u a l ly  h ig h  r e l a t i v e  abundance o f  E m ilia n ia  
h u x le y i  w hich  b e t t e r  f i t s  t h e i r  T r a n s i t io n  Zone I I I .  T h is  s u g g e s ts  
th e r e  may be some le a k a g e  o f  th e  G u lf n a n n o f lo r a  by th e  G u lf  S tream  in t o  
h ig h e r  l a t i t u d e s .  The o v e r a l l  b o tto m  se d im e n t n a n n o f lo r a  c o m p o s itio n  by 
in d i v id u a l  m orpho types i s  g iv e n  a s  T a b le  I I I .
Taxonom ic r e v i s i o n s
Taxonom ic r e v i s i o n s  f o r  th e  fo llo w in g  s p e c ie s  S y ra c o s p h a e ra  nana  
(K am ptner) n ov . com b.; v a r i a b i l i s  ( H a l ld a l  e t  M a rk a li)  n o v . com b.; 
and H om ozygosphaera d a lm a t ic a  (K am ptner) n o v . comb, w ere  made a s  a  r e ­
s u l t  o f  t h i s  s tu d y .  One new fa m ily  O o l i th o ta c e a e  i s  p ro p o sed  w ith  two 
new t r i b e s  O o l i th o te a e  and O rth arab o d iscae  to  in c lu d e  a l l  c o c c o l i th o p h y te s  
b e a r in g  o r t h o l i t h i d  p l a c o l i t h s  w ith  a  p o ly g o n a l o u t l i n e .  In  a d d i t i o n ,  
e n t i r e  n a n n o sp h e re s  show ing h o lo c o c c o l i th  u l t r a s t r u c t u r e  w ere  d is c o v e re d  
w hich  a r e  th o u g h t to  be  s e c r e t e d  d u r in g  th e  m o t i le  s t a g e  i n  th e  l i f e  
c y c le  o f  a  T h o ra c o s p h a e r id .  G ephyrocapsa  e r l c s o n i i  M c In ty re  e t  Be i s  
c o n s id e re d  a  j u n i o r  synonym o f  (5. k a m p tn e r i D e f la n d re  and F e r t .
G eo g rap h ic  d i s t r i b u t i o n  p a t t e r n s
A co m parison  o f  th e  s tu b /s a m p le /p r o v in c e / r e g io n  v a r ia n c e  com ponents
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TABLE I I I  
OVERALL BOTTOM SEDIMENT NANNOFLORA 
COMPOSITION BY MORPHOTYPE
















o b ta in e d  from  th e  n e s te d  a n a l y s i s  o f  v a r ia n c e  t a b l e s  g iv e n  In  A ppendix  
E a llo w e d  an e v a lu a t io n  o f  th e  p o s s i b l e  I n t r o d u c t io n  o f  v a r i a t i o n  in t o  
t h i s  s tu d y  d u r in g  th e  sam ple  p r e p a r a t io n  p r o c e s s .  T h is  v a r i a t i o n  from  
s tu b  to  s tu b  p re p a re d  from  th e  same sam ple was c o n s id e re d  n o n - s i g n i f i c a n t  
and a  c o m b in a tio n  o f  th e  two r e l a t i v e  f re q u e n c y  c o u n ts  o f  150 sp ec im en s 
on each  o f  th e  two s tu b s  p e r  sam ple  was m ade, g iv in g  one sam p le  c o u n t o f 
300 sp ec im en s f o r  th e  re m a in d e r  o f  th e  a n a ly s e s .  T h u s, i n  th e  a n a ly s e s  
p e rfo rm ed  on th e  d i s t r i b u t i o n  o f  th e  ta x a  th e  e x p e r im e n ta l  u n i t  becam e 
th e  i n d i v id u a l  sam p le  r a t h e r  th a n  th e  s tu b s .  The p r o b a b i l i t y  o f  in c lu d ­
in g  a t  l e a s t  one i n d i v id u a l  from  eac h  s p e c ie s  w hich  co m p rised  one p e r ­
c e n t  o r  more o f  th e  n a n n o f lo r a  p o p u la t io n  from  a  t o t a l  c o u n t o f  300 
sp ec im en s  i s  95 p e r c e n t .
The r e s u l t s  o f  th e  a n a ly s e s  o f  v a r ia n c e  i n d i c a t e  t h a t  th e  ta x a  in  
T a b le  IV show a  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  (P < .0 1 )  i n  f re q u e n c y  
d i s t r i b u t i o n  among r e g io n s .  Of th e s e  ta x a  C r i c o l i t h u s  j o n e s i  shows a  
s i g n i f i c a n t  d i f f e r e n c e  i n  f re q u e n c y  d i s t r i b u t i o n  b e c a u se  i t  i s  e s s e n t i a l ­
ly  r e s t r i c t e d  to  A b y ssa l P la in  sam p les  w h ile  b e in g  a b s e n t  from  th e  T e x a s-  
L o u is ia n a  and E a s t M exico S lo p e s .
G ephrocapsa  c a r ib b e a n ic a  i s  p r e s e n t  p r im a r i ly  on th e  M is s i s s i p p i  
Cone and e s s e n t i a l l y  a b s e n t  from  th e  A b y ssa l P l a i n  and C o n t in e n ta l  
S lo p e s .  The s i g n i f i c a n t  f re q u e n c y  d i s t r i b u t i o n  o f  C y c lo c o c c o l i th in a  i s  
a  co n seq u en ce  o f  th e  d i s t r i b u t i o n  o f  C  ^ le p to p o r a .  T h is  s p e c ie s  shows 
h ig h e s t  f re q u e n c y  d i s t r i b u t i o n s  on th e  S lo p e s  and lo w e s t on th e  A b y ssa l 
P l a i n s .
C h ia s to z y g u s  s p . i s  p r e s e n t  o n ly  on th e  M is s i s s i p p i  Cone and on th e  
C o n t in e n ta l  S lo p e s  o f  T e x a s -L o u is ia n a  and E a s t  M exico. P o n to sp h a e ra  
ja p o n ic a  i s  a b s e n t  on th e  M is s i s s i p p i  Cone b u t  p r e s e n t  on th e  A b y ssa l
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TABLE IV
TAXA WITH SIGNIFICANT DIFFERENCES 
IN RELATIVE FREQUENCY AMONG REGIONS
C r lc o l i t h u s  j o n e s i * *
G ephyrocapsa  c a r ib b e a n lc a * *
C y c lo c o c c o l l th la * *
C y c lo c o c c o l l th ln a  le p to p o r a * *
C h la s to z y g u s  s p .* *
P o n to s p h a e ra  ja p o n ic a * *
**(P  < .0 1 )
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P la i n .
The r e s u l t s  o f  th e  a n a ly s e s  o f  v a r ia n c e  i n d i c a t e  th e  ta x a  i n  T ab le  
V show a  s i g n i f i c a n t  d i f f e r e n c e  (P < .0 5 )  i n  th e  d i s t r i b u t i o n  o f  mean 
p r e s e r v a t io n  v a lu e s  among r e g io n s .
The fa m ily  R h ab d o sp h aera ceae  h a s  a  s i g n i f i c a n t  d i s t r i b u t i o n  o f  
p r e s e r v a t io n  v a lu e s  b e c a u se  o f  th e  genus R h ab d o sp h aera  w hich  i s  p r i ­
m a r i ly  p o o r ly  p re s e rv e d  on th e  M is s i s s i p p i  Cone and on th e  E a s t  M exico 
S lo p e  o f f s h o r e  from  th e  R io  G rande . B e s t p r e s e r v a t io n  o f  th e  genus 
R h ab d o sp h aera  o c c u r s  on th e  A b y ssa l P l a i n .
Z y g o d isc a c e a e  when p r e s e n t  a r e  p o o r ly  p r e s e rv e d  o v e r a l l  b u t  show 
s i g n i f i c a n t l y  b e t t e r  p r e s e r v a t io n  on th e  M is s i s s i p p i  Cone.
H e lic o p o n to s p h a e ra  w a l l i c h i  i s  p r e f e r e n t i a l l y  p r e s e rv e d  on th e  
A b y ssa l P la in  w ith  p o o r e s t  p r e s e r v a t io n  v a lu e s  r e c o rd e d  from  th e  
C o n t in e n ta l  S lo p e s .
A n o p lo s o le n ia  b r a s i l i e n s i s  shows a  h ig h ly  s i g n i f i c a n t  v a r i a t i o n  in  
p r e s e r v a t io n  v a lu e s  among r e g io n s .  I t  i s  m o st p o o r ly  p re s e rv e d  on th e  
A b y ssa l P l a i n ,  a b s e n t  from  th e  C o n t in e n ta l  R is e  and w e l l  p r e s e rv e d  on 
th e  M is s i s s i p p i  C one.
O o l i th o ta c e a e  a r e  b e t t e r  p r e s e rv e d  on th e  C o n t in e n ta l  S lo p e s  and 
m ore p o o r ly  p r e s e rv e d  on th e  A b y ssa l P l a i n .
A l l  ta x a  w hich  showed s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e i r  f re q u e n c y  
d i s t r i b u t i o n  among p ro v in c e s  w i th in  r e g io n s  a r e  t a b u la te d  i n  T a b le  V I.
The r e l a t i v e  f r e q u e n c ie s  o f  o c c u r re n c e  o f  th e  ta x a  In  C o c c o l i th in e a e  
on th e  Campeche S lo p e  w ere s i g n i f i c a n t l y  lo w er th a n  th o s e  o f  th e  re m a in ­
in g  p ro v in c e s  w i th in  th e  C o n t in e n ta l  S lo p e  r e g io n  and a r e  th o u g h t to  b e  
c o n t r o l l e d  p r im a r i ly  by th e  d i s t r i b u t i o n  o f  s p e c ie s  a s s ig n e d  to  th e  
C o c c o l i th a c e a e  e s p e c i a l l y  th e  s u b - fa m ily  C o c c o l i th o id e a e .
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TABLE V
TAXA WITH SIGNIFICANT DIFFERENCES 
IN PRESERVATION AMONG REGIONS
R h ab d o sp h aeraceae*
R habdosphaera*
Z y g o d isc aceae *
H e llc o p o n to s p h a e ra  w a l l i c h i*  
A n o p lo s o le n ia  b r a s l l l e n s i s * * 
O o l i th o ta c e a e *
*(P  < .0 5 )  
**(P  < .0 1 )
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TABLE VI
TAXA WITH SIGNIFICANT DIFFERENCES 
IN FREQUENCY AMONG PROVINCES WITHIN REGIONS
C o c c o li th in e a e * *  
C o c c o lith a c e a e * *  
C o c c o li th o id e a e * *  
G ephyrocapsa  p ro to h u x le y 1** 
E m ll ia n ia  h u x le y i* * 
C y c lo c o c c o l i th in a  f r a g i l i s *  
U m b ilic o sp h a e ra  m i r a b i l i s *  
D is c o s p h a e ra  t u b i f e r a *  
W a tz n a u ria  s p .*  
S y ra c o sp h a e ra c e a e *  
S y ra c o sp h a e ra  m o l l i s c h i * * 
S y ra c o sp h a e ra  r ib o s a * * 
U m b ello sp h ae ra* * 
U m b ello sp h ae ra  te n u is * *
H e llc o p o n to s p h a e ra  w a l l l c h l* *
P o n to sp h a e ra c e a e *
S cy p h o sp h aera*
S cy p h o sp h aera  a p s t e i n i 1* 
C a lc lo s o le n a c e a e * *  
A n a p lo s o le n la  b r a s l l l e n s i s * * 
S c a p h o l l th u s  f o s s l l i s *
C e r a t o l l t h u s  c r i s t a t u s * * 
H a llo p ap p u s*
H a llo p ap p u s  s p . B** 
O o ll th o ta c e a e * *
O o l i th o tu s  a n t i l l a r u m * * 
S p h e n o li th a c e a e *
S p h e n o li th  f ra g m e n ts*
Reworked S p e c ie s*
* (P  < .0 5 ) 
** (P  < .0 1 )
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G ep hyrocapsa  p r o to h u x le y l  h a s  th e  h ig h e s t  f re q u e n c y  o f  o c c u r re n c e  
on th e  M is s i s s i p p i  Cone and th e  T e x a s -L o u ls ia n a  S lo p e . E m il ia n ia  
h u x le y i  shows s i g n i f i c a n t  d i f f e r e n c e s  in  f re q u e n c y  d i s t r i b u t i o n s  betw een  
th e  Upper and Lower M is s i s s i p p i  Cone, and be tw een  th e  E a s t  G u lf  P la in  
and S ig sb e e  P l a i n  and o c c u rre d  l e s s  f r e q u e n t ly  on th e  Campeche S lo p e  
th a n  on th e  o th e r  s lo p e s .  C o c c o l i th u s  f r a g i l i s  i s  a b s e n t  from  th e  E a s t 
G u lf P l a i n  b u t  a b u n d a n t a lo n g  th e  f l o o r  o f  th e  S ig sb e e  P l a i n .  £ .  
f r a g i l i s  o c c u rs  o n ly  i n  a b o u t o n e - h a l f  o f  th e  sam p les  r e c o v e re d  from  th e  
Upper M is s i s s i p p i  Cone and i s  m is s in g  from  th e  Lower M is s i s s i p p i  Cone.
The r e l a t i v e  f re q u e n c y  c o u n ts  f o r  U m b ilic o sp h a e ra  m i r a b i l i s  show a  h ig h e r  
f re q u e n c y  o f  o c c u r re n c e  on th e  U pper M is s i s s i p p i  Cone th a n  th e  Lower 
M is s i s s i p p i  Cone and s i g n i f i c a n t l y  h ig h e r  ab u n d an ces  on th e  S ig sb e e  
P la i n  a s  com pared to  th e  E a s t G u lf P l a i n .  D is c o s p h a e ra  t u b i f e r a  shows 
i t s  h ig h e s t  r e l a t i v e  ab undance  on th e  Campeche S lo p e  and i s  low  on a l l  
o t h e r s .  W a tz n a u ria  s p .  o c c u rs  r e s t r i c t e d  p r im a r i ly  to  th e  T e x a s-  
L o u is ia n a  S lo p e  and th e  Upper M is s i s s i p p i  Cone. The s i g n i f i c a n t  p ro ­
v i n c i a l  f re q u e n c y  d i s t r i b u t i o n  o f  th e  fa m ily  S y ra c o s p h a e ra c e a e  i s  p r i ­
m a r i ly  due to  th e  d i s t r i b u t i o n  o f  m o l is c h i  and J3. r i b o s a .
S y ra c o sp h a e ra  m o l is c h i  was a b s e n t  from  th e  W est F lo r id a  S lo p e  w ith  
g r e a t e s t  ab u n d an ces  on th e  T e x a s -L o u is ia n a  S lo p e . S y ra c o sp h a e ra  r i b o s a  
on th e  o th e r  h a n d , i s  p r e s e n t  on th e  Lower M is s i s s i p p i  Cone and W este rn  
R is e  b u t  a b s e n t  from  th e  T e x a s -L o u is ia n a  S lo p e , th e  Upper M is s i s s i p p i  
C one, and th e  o th e r  p r o v in c e s .
The s i g n i f i c a n t  d i s t r i b u t i o n  o f  th e  gen u s U m b e llo sp h ae ra  i s  c a u se d  
by f re q u e n c y  o f  o c c u r re n c e  o f  IJ. t e n u i s  w hich  h a s  i t s  h ig h e s t  abun d an ces  
on th e  E a s t  M exico S lo p e  and  lo w e s t on th e  W est F lo r id a  S lo p e , The 
f re q u e n c y  d i s t r i b u t i o n  o f  H e lic o p o n to s p h a e ra  w a l l i c h i  g iv e s  h ig h  y i e l d s
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on th e  L o u is ia n a -T e x a s  S lo p e  and  lo w er y i e l d s  f o r  th e  W est F lo r id a  and 
Campeche S lo p e s .  T h is  s p e c ie s  a p p a r e n t ly  s t r o n g ly  in f lu e n c e s  th e  
d i s t r i b u t i o n  p a t t e r n s  o f  th e  r e l a t i v e  f re q u e n c y  c o u n ts  f o r  th e  e n t i r e  
g e n u s . The r e l a t i v e  f re q u e n c y  o f  o c c u r re n c e  f o r  th e  fa m ily  
P o n to sp h a e ra c e a e  showed h ig h e r  ab u n d an ces  on th e  Campeche S lo p e  among 
th e  v a r io u s  s lo p e  p r o v in c e s ,  and was h ig h e r  on th e  W este rn  R is e  th a n  
e lse w h e re  on th e  C o n t in e n ta l  R is e .  The genus S cy p h o sp h aera  shows 
s i g n i f i c a n t  d i f f e r e n c e s  i n  f re q u e n c y  d i s t r i b u t i o n s  due to  j5. a p s t e i n i i  
w hich  was a b s e n t  from  th e  W est F lo r id a  and T e x a s -L o u is ia n a  S lo p e s  b u t  
p r e s e n t  on th e  Campeche and E a s t  M exico S lo p e s .  I t  i s  common in  sam p les 
from  th e  S ig sb e e  P la in  b u t  p r e s e n t  i n  o n ly  one sam ple  from  th e  E a s t G u lf 
P la i n .  A lth o u g h  p r e s e n t  e ls e w h e re  a lo n g  th e  C o n t in e n ta l  R is e  i t  was n o t  
found in  sam p les  from  th e  S o u th e rn  R is e .  The d i s t r i b u t i o n  o f  th e  
C a lc io s o le n a c e a e  was p r im a r i ly  in f lu e n c e d  by th e  s i g n i f i c a n t  f re q u e n c y  
d i s t r i b u t i o n s  f o r  A n o p lo s o le n ia  b r a s i l i e n s i s  and S c a p h o l i th u s  f o s s i l i s .
A. b r a s i l i e n s i s  had  a h ig h  abundance  on th e  Lower M is s i s s i p p i  Cone, and 
a  low abundance  on th e  Upper M is s i s s i p p i  Cone. I n  a d d i t i o n  A n o p lo s o le n ia  
b r a s i l i e n s i s  showed a  m arked r e d u c t io n  in  num bers on th e  E a s t M exico 
S lo p e , and was a b s e n t  from  th e  W este rn  and  N o r th e rn  R is e .  S c a p h o l i th u s  
f o s s i l i s  was u n u s u a l ly  ab u n d a n t on th e  W est F lo r id a  S lo p e  a s  com pared to  
th e  re m a in d e r  o f  th e  C o n t in e n ta l  S lo p e  p r o v in c e s .
C e r a t o l i t h u s  c r l s t a t u s  w h ile  p r e s e n t  e l s e w h e re ,  was a b s e n t  from  th e  
W est F lo r id a  S lo p e . The s i g n i f i c a n t  d i s t r i b u t i o n  p a t t e r n  f o r  H a llo p ap p u s  
was due to  th e  a b se n c e  o f  H a llo p a p p u s  s p .  MB" from  th e  Lower M is s i s s i p p i  
Cone and i t s  low ab u n d an ce  on th e  E a s t M exico S lo p e . The O o l i th o ta c e a e ,  
e s p e c i a l l y  O o l i th o tu s  a n t i l l a r i u m , w ere  p r e s e n t  p r im a r i ly  on th e  T e x a s -  
L o u is ia n a  S lope  and th e  S ig sb e e  P l a i n ,  and  w ere  a b s e n t  from  th e  Campeche
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S lo p e .
The s i g n i f i c a n t  f re q u e n c y  d i s t r i b u t i o n  o f  th e  S p h e n o ll th a c e a e  was 
due to  th e  abundance o f  " S p h e n o l i th  f ra g m e n ts "  on th e  Lower M is s i s s ip p i  
Cone and t h e i r  a b se n c e  from  th e  U pper M is s i s s i p p i  Cone. Among th e  v a r i ­
ous p ro v in c e s  o f  th e  C o n t in e n ta l  S lo p e , th e  T e x a s -L o u is ia n a  S lo p e  had  
th e  h ig h e s t  f r e q u e n c ie s  o f  o c c u r re n c e  o f  " S p h e n o li th  f r a g m e n ts ."  The 
v a r io u s  rew orked  ta x a  a s  d e f in e d  i n  T ab le  V II  w ere  m ost ab u n d a n t on th e  
T e x a s -L o u is ia n a  and E a s t M exico S lo p e s .
Those ta x a  w hich  showed a s i g n i f i c a n t  d i f f e r e n c e  in  th e  d i s t r i b u t i o n  
o f  mean p r e s e r v a t io n  v a lu e s  among p ro v in c e s  w i th in  r e g io n s  a r e  p re s e n te d  
in  T a b le  V I I I .  The C o c c o l i th in e a e  w ere  b e t t e r  p re s e rv e d  on th e  Lower 
M is s i s s i p p i  Cone th a n  on th e  Upper M is s i s s i p p i  Cone and w ere  w e l l  p r e ­
s e rv e d  on th e  West F lo r id a  S lo p e . T h e ir  p r e s e r v a t io n  o f  th e  E a s t M exico 
S lo p e  was much p o o re r  th a n  th e  r e s t  o f  th e  C o n t in e n ta l  S lo p e  r e g io n .  
S im i la r  p a t t e r n s  o f p o o r p r e s e r v a t io n  w ere n o te d  f o r  members o f  th e  
fa m ily  C o c c o l i th a c e a e  and  th e  members o f  i t s  t r i b e  C o c c o l i th e a e .  
C r i c o l i t h u s  j o n e s i  was a b s e n t  from  th e  N o r th e rn  R is e  w h ile  p r e s e n t  on 
o t h e r s .  A lth o u g h  w e l l  p re s e rv e d  on th e  Campeche S lo p e , £ .  j o n e s i  was 
p o o r ly  p re s e rv e d  o r  a b s e n t  from  th e  o th e r  s lo p e  p r o v in c e s .  The m orpho- 
ty p e s  a s s ig n e d  to  G ep hyrocapsa  and e s p e c i a l l y  G ephyrocapsa  o c e a n ic a  w ere 
m ost p o o r ly  p re s e rv e d  on th e  E a s t  M exico S lo p e . E m il la n ia  h u x le y i  was 
w e ll  p re s e rv e d  on th e  W est F lo r id a  and Campeche S lo p e s  and p o o r ly  p r e ­
s e rv e d  on th e  re m a in in g  C o n t in e n ta l  S lo p e  P r o v in c e s .  P r e s e r v a t io n  o f  15. 
h u x le y i  was b e t t e r  f o r  th e  Lower M is s i s s i p p i  Cone th a n  th e  U pper 
M is s i s s i p p i  Cone. The d i s t r i b u t i o n  o f  mean p r e s e r v a t io n  v a lu e s  o f  th e  
C y c lo c o c c o l i th o id e a e ,  C y c lo c o c c o l i th in a  and e s p e c i a l l y  C y c lo c o c c o l i th in a  
le p to p o r a  w ere s im i l a r  to  th o s e  o f  G ephyrocapsa  o c e a n ic a  and B m ilia n la
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TABLE VII
REWORKED MESOZOIC AND TERTIARY NANNOFOSSILS 
PRESENT IN GULF BOTTOM SEDIMENTS
C h ta s to z y g u s  s p . 
C r e ta d is c u s  s p . 
C re ta rh a b d u s  s p . 
C r lb r o s p h a e r e l l a  s p . 
D ls c o a s te r  c a l c a r i s  
D ls c o a s te r  c h a l l e n g e r !  
D ls c o a s te r  p e n ta r a d la t u s  
G ephyrocapsa  c a r ib b e a n ic a  
G ephyrocapsa  d o ro n lc o id e s
P a rh a b d o l l th u s  sp . 
P r e d ls c o s p h a e ra  c r e t a c e a  
P re d ls c o s p h a e ra  s p in o s a  
S cy p h o sp h aera  p u lc h e r r lm a  
S p h e n o ll th u s  a b le s  
" S p h e n o li th  f ra g m e n ts "  
T e s s e l l a t o l l t h u s  d e n ta tu s  
V e k s h ln e l la  im b r lc a ta  
V e k s h in e l la  s p .
M lcu la  s ta u ro p h o ra W a tz n a u ria  s p . 
Z y g o d iscu s  s p .
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TABLE V II I  
TAXA WITH SIGNIFICANT DIFFERENCES 
IN PRESERVATION AMONG PROVINCES WITHIN REGIONS
C o c c o li th in e a e * *
C o c c o lith a c e a e * *
C o c c o lith e a e * *
C r l c o l i t h u s  j o n e s i * * 
G ephyrocapsa*
G ephyrocapsa  o c e a n ic a * * 
E m il ia n ia  h u x le y i* * 
C y c lo c o c c o l i th o id e a e * *  
C y c lo c o c c o l i th in a * * 
C y c lo c o c c o l i th in a  le p to p o r a * * 
U m b ilic o sp h a e ra  m i r a b i l i s * * 
R h abdosphaera  c l a v ig e r a *  
R h abdosphaera  s t y l i f e r a *
D is c o s p h a e ra  tu b i f e r a *  
E i f f e l l i t h a l e s * *  
S y ra c o sp h a e ra c e a e *  
S y ra c o sp h a e ra * *
S y ra c o sp h a e ra  p u lc h ra *
Umb e 1 lo  s p h ae ra *  *
U m b ello sp h ae ra  I r r e g u l a r i s * *
H e lic o p o n to sp h a e ra *
P o n to sp h a e ra c e a e *
P o n to sp h a e ra *
C a lc io s o le n a c e a e *
O o l i th o tu s  a n t i l l a r u m *
*(P  < .0 5 )  
**(P  < .0 1 )
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h u x le y i . C y c lo c o c c o l i th o id e a e  from  th e  Lower M is s i s s i p p i  Cone w ere 
b e t t e r  p re s e rv e d  th a n  on th e  U pper M is s i s s i p p i  Cone.
U m b ilic o sp h a e ra  m i r a b i l i s  was r e l a t i v e l y  w e l l  p r e s e rv e d  on th e  
Campeche and W est F lo r id a  S lo p e s  and p o o r ly  p re s e rv e d  on th e  E a s t  M exico 
S lo p e . The Lower M is s i s s i p p i  Cone y ie ld e d  b e t t e r  p re s e rv e d  U. m i r a b i l i s  
th a n  th e  U pper M is s i s s i p p i  Cone. B oth R habd o sp h aera  c l a v ig e r a  and 
R habd o sp h aera  s t y l i f e r a  w ere p o o r ly  p re s e rv e d  on th e  T e x a s -L o u is ia n a  
S lo p e  and w e l l  p re s e rv e d  on th e  W est F lo r id a  and Campeche S lo p e s .
D is c o s p h a e ra  t u b i f e r  was v e ry  p o o r ly  p re s e rv e d  o v e r  th e  e n t i r e  G u lf o f 
M exico e x c e p t  f o r  p o r t i o n s  o f  th e  T e x a s -L o u is ia n a  S lo p e . The v a r io u s  
ta x a  in  th e  o r d e r  E i f f e l i t h a l e s  w ere  m ost p o o r ly  p r e s e rv e d  on th e  T e x a s-  
L o u is ia n a  and E a s t  M exico S lo p e s .  A ls o , c o c c o l i t h s  from  S y ra c o sp h a e ra c e a e  
w ere  m ost p o o r ly  p r e s e rv e d  on th e  T e x a s -L o u is ia n a  and E a s t M exico S lo p e s .  
The genus S y ra c o sp h a e ra  and  e s p e c i a l l y  S^ . p u lc h ra  was p o o r ly  p re s e rv e d  
on th e  E a s t  G u lf P la i n  a l th o u g h  w e l l  p r e s e rv e d  on th e  S ig sb e e  P l a i n .  A- 
lo n g  th e  C o n t in e n ta l  S lo p e s ,  S y ra c o s p h a e ra  p u lc h e ra  was m ost p o o r ly  p r e ­
s e rv e d  on th e  E a s t  M exico S lo p e . The genus U m b e llo sp h a e ra , p a r t i c u l a r l y  
£ .  i r r e g u l a r i s , showed p o o r p r e s e r v a t io n  on th e  Upper M is s i s s i p p i  Cone 
and a lo n g  th e  T e x a s -L o u is ia n a  S lo p e  b u t  was r e l a t i v e l y  w e l l  p re s e rv e d  on 
th e  Campeche S lo p e . H e lic o p o n to s p h a e ra  was m ore p o o r ly  p r e s e rv e d  on th e  
T e x a s -L o u is ia n a  and E a s t M exico S lo p e s  th a n  e ls e w h e re . A lth o u g h  i t s  
p r e s e r v a t io n  was good on th e  Lower M is s i s s i p p i  Cone H e lic o p o n to s p h a e ra  
was v e ry  p o o r ly  p re s e rv e d  on th e  U pper M is s i s s i p p i  Cone.
The fa m ily  P o n to s p h a e ra c e a e  and i t s  genus P o n to s p h a e ra  w ere  b e s t  
p r e s e rv e d  on th e  Campeche S lo p e . T h e ir  p r e s e r v a t io n  was r e l a t i v e l y  good 
f o r  th e  Lower M is s i s s i p p i  Cone b u t  p o o r f o r  th e  Upper M is s i s s i p p i  Cone.
The v a r io u s  C a lc io s o le n a c e a e  w ere w e l l  p re s e rv e d  on th e  S o u th e rn  R is e ,
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and t h e i r  p r e s e r v a t io n  v a lu e s  f o r  th e  E a s t  G u lf P l a i n  w ere s i g n i f i c a n t l y  
h ig h e r  th a n  th o s e  f o r  th e  S ig sb e e  P l a i n .
U n lik e  m ost m orpho types  in  t h i s  s tu d y ,  O o l i th o tu s  a n t i l l a r u m  was 
w e l l  p re s e rv e d  on th e  T e x a s -L o u is ia n a  S lo p e  and e n t i r e l y  a b s e n t  from  th e  
Campeche S lo p e .
On th e  b a s i s  o f  th e  mean p r e s e r v a t io n  v a lu e s  f o r  each  ta x a  from  
each  sam ple  f i v e  p r e s e r v a t io n  g ro u p s  w ere c o n s t r u c te d  a s  g iv e n  i n  T ab le  
IX. The g ro u p s  w ere num bered I  to  V in  d e c r e a s in g  o rd e r  o f  b e s t  p r e s e r ­
v a t i o n .  T hese d a ta  c l e a r l y  show p r e f e r e n t i a l  p r e s e r v a t io n  o f  c o c c o l i t h  
and r e l a t e d  n a n n o f o s s i l  ta x a  by m orpho type from  b o tto m  se d im e n ts  o f  th e  
G u lf  o f  M exico . The summary o f  th e  p e rc e n ta g e  o f  a  m orpho type found in  
each  p r e s e r v a t io n  g ro u p  shown in  T a b le  X i n d i c a t e s  t h a t  th e  b e t t e r  
p r e s e rv e d  g ro u p s  I ,  I I  and I I I  a r e  d o m in a ted  by th e  m ore s o lu t i o n  
r e s i s t a n t  m o rpho types  su ch  a s  th e  p l a c o l i t h s ,  c a n e o l i t h s ,  s c a p h o l i t h s ,  
and r h a b d o l i th s  d is c u s s e d  in  C h a p te r  I .
SYMAP c o n to u r in g
A ll  o f  th e  s p e c ie s  o f  c o c c o l i t h s  whose r e l a t i v e  abundance  r e p r e ­
s e n te d  0 .5  p e r c e n t  o r  m ore o f  th e  n a n n o f lo r a  from  th e  s u r f i c l a l  bo ttom  
o f  th e  G u lf o f  M exico a r e  l i s t e d  i n  T ab le  X I.
T o g e th e r  th e s e  m orpho types co m p rise  96.53% o f  th e  t o t a l  G u lf 
a sse m b la g e  re c o v e re d  d u r in g  t h i s  i n v e s t i g a t i o n .  In  o rd e r  to  fo rm u la te  a  
d i f f e r e n t  h y p o th e s is  a b o u t th e  g e o g ra p h ic  d i s t r i b u t i o n  o f  c o c c o l i t h s  and 
r e l a t e d  n a n n o f o s s i l s  from  th e  s u r f i c i a l  b o tto m  o f  th e  G u lf  a f t e r  th e  
r e s u l t s  o f  th e  n e s te d  a n a l y s i s  o f  v a r ia n c e  w ere  o b ta in e d ,  th e  fre q u e n c y  
o f  o c c u r re n c e  and  mean p r e s e r v a t io n  v a lu e s  f o r  ea c h  o f  th e s e  e le v e n  
dom inan t m orpho types w ere p l o t t e d  by sam ple on an  o u t l i n e  map o f  th e  G u lf
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TABLE IX
PRESERVATION GROUP COMPOSITION BY MORPHOTYPE
GROUP I
RANGE OF PRESERVATION 
VALUES 
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SUMMARY OF PERCENTAGE OF A MORPHOTYPE 
FOUND IN EACH MEAN PRESERVATION VALUE GROUP
GROUP
MORPHOTYPE 1 2 3 4 5
CANEOLITHS 0 .9 2 58 .8 8 4 0 .2 0 0 .0 0 0 .0 0
CERATOLITHS 0 .0 0 100 .00 0 .0 0 0 .0 0 0 .0 0
CRIBRILITHS 0 .0 0 76 .71 15.07 8 .2 2 0 .0 0
CRICOLITHS 0 .0 0 100.00 0 .0 0 0 .0 0 0 .0 0
CYRTOLITHS 0 .0 0 0 .0 0 0 .0 0 0 .0 0 100 .00
HOLOCOCCOLITHS 0 .0 0 100 .00 0 .0 0 0 .0 0 0 .0 0
LOPADOLITHS 0 .0 0 9 4 .3 8 0 .0 0 5 .6 2 0 .0 0
OSTEOLITHS 0 .0 0 0 .0 0 0 .0 0 0 .0 0 100 .00
PLACOLITHS 1 .1 4 3 9 .9 3 5 7 .8 4 1 .0 9 0 .0 0
POROLITHS 0 .0 0 9 7 .4 9 0 .0 0 0 .0 0 2 .51
RHABDOLITHS 1 .1 0 9 8 .9 0 0 .0 0 0 .0 0 0 .0 0
SCAPHOLITHS 0 .0 0 100 .00 0 .0 0 0 .0 0 0 .0 0
SPHENOLITHS 0 .0 0 2 .8 4 0 .0 0 0 .0 0 9 7 .1 6
ZYGOLITHS 0 .0 0 0 .0 0 0 .0 0 4 3 .4 8 5 6 .5 2
TABLE XI
COCCOLITH SPECIES WITH OVERALL RELATIVE FREQUENCY 
REPRESENTING 0 .5  PERCENT OR MORE OF GULF NANNOFLORA
TAXA PERCENT
E m ilia n ia  h u x le y i 76 .32
G ephyrocapsa  o c e a n ic a 5 .6 5
U m b ilic o sp h a e ra  m i r a b i l i s 4 .8 3
U m b ello sp h ae ra  i r r e g u l a r i s 2 .0 1
C y c lo c o c c o l i th in a  le p to p o r a 1 .7 4
S y ra c o sp h a e ra  p u lc h ra 1 .57
U m b ello sp h ae ra  t e n u is 1 .40
S c a p h o l i th u s  f o s s i l i s 1 .06
R h ab d o sp h aera  s t y l i f e r a 0 .8 5
D is c o s p h a e ra  t u b i f e r a 0 .5 7
T h o ra c o sp h a e ra  h e lm i 0 .5 3
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o f M exico . T hese p l o t s  w ere  th e n  c o n to u re d  u s in g  th e  SYMAP p ro c e d u re  a s  
d ev e lo p e d  by th e  H arv ard  S choo l o f  Com puter G ra p h ic s .  The c o n to u r  i n t e r ­
v a l  u sed  f o r  th e  f re q u e n c y  p l o t s  was a ch an g e  i n  f re q u e n c y  o f  15 o u t  o f 
th e  300 c o u n ts  p e r  sam ple  w h ich  r e p r e s e n t s  in c re m e n ta l  I n c r e a s e s  o f  f i v e  
p e r c e n t .  T hese SYMAP F req u en cy  p l o t s  a r e  p r e s e n te d  a s  t e x t - f i g u r e s  13 
th ro u g h  23 . In  g e n e r a l  th e s e  p l o t s  i l l u s t r a t e  th e  r e s u l t s  o f  th e  n e s te d  
a n a l y s i s  o f  v a r i a n c e ,  t h a t  i s ,  th e  f re q u e n c y  o f  o c c u r re n c e  o f  th e  co cco ­
l i t h s  and r e l a t e d  n a n n o f o s s i l s  in  t h i s  a s se m b la g e  do n o t  s t r i c t l y  v a ry  
a c c o rd in g  to  ch an g es  in  th e  p h y s io g ra p h ic  p ro v in c e s  a s  d e f in e d  i n  
C h a p te rs  2 and 3 .
The f re q u e n c y  d i s t r i b u t i o n  p a t t e r n  f o r  E m ilia n a  h u x le y i  v a r i e s  from  
low y i e l d s  n e a r  th e  m outh o f  th e  G u lf i n c r e a s in g  to  h ig h e r  y i e l d s  c e n t e r ­
ed in  th e  n o r th w e s te rn  p a r t  o f  th e  G u lf o f  M exico.
G ephyrocapsa  o c e a n ic a  i s  shown to  v a ry  from  h ig h  f r e q u e n c ie s  o f 
o c c u r re n c e  a t  th e  m outh o f  th e  G u lf o f  M exico to  low  y i e l d s  c e n te r e d  in  
th e  c e n t r a l  and s o u th e rn  p a r t s  o f  th e  G u lf .  Two s u b o r d in a te  a r e a s  o f  
r e l a t i v e l y  h ig h  y i e l d s  o f  G.  o c e a n ic a  a r e  c e n te r e d  a lo n g  th e  E a s t  M exico 
S lo p e  and th e  D eSoto C anyon.
The r e l a t i v e  f re q u e n c y  o f  o c c u r re n c e  o f  U m b ilic o sp h a e ra  m i r a b i l i s  
v a r i e s  from  low er c o u n ts  a lo n g  th e  m a rg in s  o f  th e  d eep  G u lf to  h ig h e r  
v a lu e s  c e n te r e d  on th e  S ig sb e e  P la in  and p a r t s  o f  th e  a d ja c e n t  C o n ti­
n e n t a l  R is e .  U m b e llo sp h ae ra  i r r e g u l a r i s  a p p e a rs  f a i r l y  u n ifo rm ly  
d i s t r i b u t e d  o v e r th e  e n t i r e  G u lf  w ith  i s o l a t e d  h ig h e r  f r e q u e n c ie s  o f  
o c c u r re n c e  p r im a r i ly  tow ard  th e  West and N o rth w e s t. A ls o , th e  d i s t r i b u ­
t i o n  p a t t e r n  f o r  C y c lo c o c c o l i th in a  le p to p o r a  a p p e a r s  r e l a t i v e l y  u n ifo rm  
w ith  s l i g h t l y  h ig h e r  f r e q u e n c ie s  o f  o c c u r re n c e  in  th e  N o rth  C e n t r a l ,  
N o r th e a s te r n ,  and S o u th w e s te rn  p a r t s  o f  th e  G u lf o f  M exico.
FREQUENCY
E m i l i a n i o  h u x le y i
( C l  = 1 5 / 3 0 0 )
Text-Figure 13. SYMAP frequency distribution map for Emiliania huxleyi.
FREQUENCY
G e p h y r o c o p i o  o c e a n i c a
(C 1 = 1 5 / 3 0 0 )
Text-Figure 14. SYMA.P frequency distribution map for Gephyrocapsa oceanica.
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1 5 / 3 0 0 )
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Text-Figure 16. SYMAP frequency distribution map for Umbellosphaera irregularis.
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FREQUENCY
C y c l o c o c c o l i t h i n a  l e ptopora
Text-Figure 17. SYMAP frequency distribution map for Cyclococcolithina leptopora.
FREQUENCY
S y r a c o s p h a e r a  pulchera
Text-Figure 18. SYMAP frequency distribution map for Syracosphaera pulchra.
FREQUENCY
U m b e l l o t p h o e r o  t e n u i s
(C 1 = 1 5 /3 0 0 )
Text-Figure 19. SYMA.P frequency distribution map for Umbellosphaera tenuis.
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FREQUENCY
Scopholithus fo s s ilis
(C  t =  1 5 /3 0 0 )
Text-Figure 20. SYMAP frequency distribution map for Scapholithus fossilis.
FREQUENCY
•Yg R h a b d o t p h o e r o  i t y l i f e r a  
»•£/
B  (C 1 =  1 5 /  3 0 0 )
Text-Figure 21. SYMAP frequency distribution map for Rhabdosphaera stylifera.
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FREQUENCY
D i s c o s p h a e r o  t o b i f e r a
(C 1 =  1 5 /  3 0 0 )
Text-Figure 22. SYMAP frequency distribution map for Discosphaera tubifera.
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FREQUENCY
T h o r o c o s p h a e r q  h e i  mi
(C 1 =  1 5 /3 0 0 )
Text-Figure 23. SYMA.P frequency distribution map for Thoracosphaera heimi.
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S y ra c o sp h a e ra  p u lc h ra  v a r i e s  from  lo w er ab u n d an ces  i n  th e  C e n t r a l  G u lf 
to  r e l a t i v e l y  h ig h e r  ab u n d an ces  in  th e  S o u th w e s te rn  and E a s te rn  p o r t i o n s  
o f  th e  G u lf B a s in . The d i s t r i b u t i o n  p a t t e r n  f o r  th e  r e l a t i v e  f r e q u e n c ie s  
o f  o c c u r re n c e  o f  U m b ello sp h ae ra  t e n u i s  a r e  s i m i l a r  to  t h a t  o f  
S y ra c o sp h a e ra  p u lc h e ra  w ith  th e  h ig h e s t  v a lu e s  found  i n  th e  S o u th w e s te rn  
G u lf .  S c a p h o l i th u s  f o s s i l i s  i s  p a r t i c u l a r l y  a b u n d a n t on th e  W est F lo r id a  
S lo p e  and r e l a t i v e l y  u n ifo rm ly  d i s t r i b u t e d  e ls e w h e re . The d i s t r i b u t i o n  
p a t t e r n  f o r  th e  r e l a t i v e  f r e q u e n c ie s  o f  o c c u r re n c e  o f  R h abdosphaera  
s t y l i f e r a  i s  e s s e n t i a l l y  u n ifo rm  o v e r th e  e n t i r e  G u lf w ith  s l i g h t l y  
h ig h e r  v a lu e s  c o n c e n tr a te d  tow ard  th e  E a s t .  D is c o s p h a e ra  t u b i f e r a  i s  
found  in  low  abundance  o v e r th e  e n t i r e  G u lf  and i s  t o t a l l y  a b s e n t  from  
some sam p les  on th e  C o n t in e n ta l  R is e  and S ig sb e e  P l a i n .  T h o ra c o sp h a e ra  
h e im i i s  u n ifo rm ly  d i s t r i b u t e d  th ro u g h o u t th e  b o tto m  s e d im e n ts  o f  th e  
G u lf o f  M exico .
The SYMAP p r e s e r v a t io n  v a lu e  p l o t s  f o r  th e  e le v e n  d o m in an t c o c c o l i t h  
m orpho types a r e  p r e s e n te d  a s  t e x t - f i g u r e s  24 th ro u g h  34 . The c o n to u r  
i n t e r v a l  u sed  f o r  th e  p r e s e r v a t io n  d a ta  was a  ch an g e  o f  one on th e  
s u b je c t iv e  o r d in a l  p r e s e r v a t io n  s c a l e  o f  one to  f i v e  a s  o u t l in e d  in  
C h a p te r  3 . I n  g e n e r a l ,  th e s e  p l o t s  i l l u s t r a t e  t h a t  th e  mean p r e s e r v a t io n  
v a lu e s  o f  th e  dom in an t c o c c o l i t h s  i n  th e  G u lf b o tto m  se d im e n t a ssem b lag e  
do n o t  s t r i c t l y  v a ry  a c c o rd in g  to  ch an g es i n  th e  p h y s io g ra p h ic  p ro v in c e s  
a s  p r e v io u s ly  d e f in e d .  E m il ia n ia  h u x le y i  i s  m ost p o o r ly  p re s e rv e d  on th e  
M is s i s s i p p i  Cone o f f s h o r e  o f  th e  M is s i s s i p p i  R iv e r  and  on th e  E a s t  M exico 
S lo p e  e s p e c i a l l y  o f f s h o r e  from  th e  R io  G rande . T h is  same d i s t r i b u t i o n  
p a t t e r n  o f p o o r e s t  p r e s e r v a t io n  v a lu e s  i s  e s s e n t i a l l y  found  w ith  m inor 
d i f f e r e n c e s  f o r  a l l  th e  o th e r  m orp h o ty p es  p l o t t e d  e x c e p t  f o r  







E m i l i a n i a  h u x l e y i
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Text-Figure 24. SYMAP preservation distribution map for Emiliania huxleyi.
PRESERVATION
G e p h y r o c a p s a  o c e a n i c o
Text-Figure 25. SYMAP preservation distribution map for Gephyrocapsa oceanica.
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U m b e l  l o s p h o e r g  i r  r e g u l o r i *
Text-Figure 27. SYMAP preservation distribution map for Umbellosphaera irregularis.
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Text-Figure 29. SYMAP preservation distribution map for Syracosphaera pulchra.
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PRESERVATION
Text-Figure 30. SYMAP preservation distribution map for Umbellosphaera tenuis.
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PRESERVATION
Text-Figure 31. SYMAP preservation distribution map for Scapholithus fossilis.
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p r e s e r v a t io n
R h a b d o i p h a e r g  s t  y I i f e  r a
Text-Figure 32. SYMAP preservation distribution map for Rhabdosphaera stylifera.
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PRESERVATION
D i s c o s p h a e  r a  t u b i f e r a
Text-Figure 33. SYMAP preservation distribution map for Discosphaera tubifera.
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PRESERVATION
Text-Figure 34. SYMAP preservation distribution map for Thoracosphaera heimi.
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T h o ra c o sp h a e ra  h e im i w hich  i s  p o o r ly  p re s e rv e d  i n  th e  E a s t  G u lf P l a i n ,  
th e  S ig sb e e  P l a i n ,  and o f f s h o r e  from  th e  R io  G rande , and i s  b e s t  p r e ­
s e rv e d  on th e  re m a in in g  C o n t in e n ta l  S lo p e s .
Q-mode c l u s t e r  a n a l y s i s
The c o n c lu s io n  t h a t  th e  d i s t r i b u t i o n  p a t t e r n s  f o r  f re q u e n c y  and 
p r e s e r v a t io n  o f  c o c c o l i t h s  and r e l a t e d  n a n n o f o s s i l s  from  th e  bo ttom  
se d im e n ts  in  th e  G u lf o f  M exico do n o t  s t r i c t l y  v a ry  a c c o rd in g  to  
p h y s io g ra p h ic  p ro v in c e s  n e c e s s i t a t e s  th e  fo rm u la t io n  o f  a  new h y p o th e s i s .
The SYMAP p l o t s  s u g g e s t  t h a t  th e  d i s t r i b u t i o n  o f  f re q u e n c y  and p r e s e r v a ­
t i o n  v a lu e s  f o r  c o c c o l i t h s  and r e l a t e d  n a n n o f o s s i l s  i n  th e  G u lf o f  
M exico s u r f i c i a l  b o tto m s se d im e n ts  i s  in f lu e n c e d  and a l t e r e d  by th e  i n ­
f lu x  o f  th e  M is s i s s i p p i  R iv e r  and th e  R io G rande and th e  o c e a n ic  i n f l u x  
from  th e  C a rib b e a n  and S o u th  A t l a n t i c .
One m ethod t h a t  can  b e  u sed  to  e v a lu a te  t h i s  h y p o th e s is  i s  a c l u s t e r  
a n a l y s i s  ( s e e  C h a p te r  3 ) .  The Q-mode c l u s t e r  a n a l y s i s  p ro c e d u re  w hich 
g iv e s  a  c l a s s i f i c a t i o n  o f  s t a t i o n s  i n t o  m appab le  g ro u p s , was u sed  a s  i t  
i s  e a s i e r  to  i n t e r p r e t  th a n  F a c to r  A n a ly s is  and o th e r  te c h n iq u e s  w hich  
a l s o  do n o t  a l lo w  a  t e s t  o f  s i g n i f i c a n c e .
The r e s u l t s  o f  th e  c l u s t e r  a n a ly s e s  f o r  th e  fre q u e n c y  and p r e s e r v a ­
t io n  d a t a  a r e  g iv e n  a s  dendrogram s in  t e x t - f i g u r e s  35 and  3 6 . As i s  
a lw ays th e  c a s e  w ith  a c l u s t e r  a n a l y s i s  p ro c e d u re ,  th e  l e v e l  o f  l in k a g e  
to  be u sed  i n  th e  i n t e r p r e t a t i o n  i s  a t  th e  d i s c r e t i o n  o f  th e  o p e r a to r .
T h is  i s  n o t  a  dilem m a in  th e  p r e s e n t  s tu d y  b e c a u se  th e  p ro c e d u re  u sed  
was to  sc a n  th e  g ro u p s  d e v e lo p ed  a t  d i f f e r e n t  l e v e l s  o f  l in k a g e  to  s e e  i f  
th e r e  i s  any l in k a g e  l e v e l  a t  w hich  th e  h y p o th e s is  i s  s u p p o r te d .  T h is  
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T e x t-F ig u re  3 5 . Q-mode c l u s t e r  a n a l y s i s  dendogram  f o r  f re q u e n c y  d a ta  u s in g  u n w eig h ted  p a i r -g ro u p•F igure • l t r
m ethod w ith  c e n t r o id  a v e ra g in g .
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T e x t-F ig u re  36 . Q-mode c l u s t e r  a n a l y s i s  dendogram  f o r  p r e s e r v a t io n  d a t a  u s in g  
u nw eigh ted  p a i r - g r o u p  m ethod w ith  c e n t r o id  a v e r a g in g .
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dendrogram  r a t h e r  th a n  a v o id s  i t .
An e x a m in a tio n  o f  th e  UPGMC Q-mode c l u s t e r  a n a l y s i s  dendrogram  f o r  
f re q u e n c y  shows t h a t  a t  a  l in k a g e  o f  0 .1 5 0  on th e  d i s s i m i l a r i t y  s c a l e  
two c l u s t e r e d  g ro u p s  a r e  fo rm ed . I n  a d d i t i o n  to  th e s e  w e l l  form ed 
c l u s t e r s ,  s e v e r a l  sam p les  a r e  to o  d i s s i m i l a r  to  j o i n  th e  g ro u p s  b u t  may 
in  th e m se lv e s  b e  c o n s id e re d  a  g ro u p  o r  c l u s t e r  o f  h e te ro g e n o u s  sam p le s . 
C lu s te r  I  i s  co m p rised  o f  th e  sam ple  l o c a t io n s  6740, 6784, 6788, 6749, 
6789, and 6790. T hese sam p le s  f o r  th e  m ost p a r t  p l o t  a s  a  wedge w ith in  
th e  E a s t  G u lf P l a i n  n e a r  th e  m ount o f  th e  G u lf .  Sam ple 6740 i s  lo c a te d  
on th e  W est F lo r id a  S lo p e  n e a r  th e  a x i s  o f  th e  D eSoto Canyon and sam ple 
6749 comes from  th e  E a s t  M exico S lo p e . The h e te ro g e n o u s  sam p le  g roup  a t  
t h i s  l in k a g e  l e v e l  in c lu d e s  6738 , 6739, 6763, 6787 , 6785, and 6786.
W ith  th e  s i n g l e  e x c e p t io n  o f  sam p le  6763 t h i s  g ro u p  a l s o  p l o t s  a s  a  
wedge a lo n g  th e  W est F lo r id a  S lo p e  in t o  th e  E a s t  G u lf P l a i n .  A t a  lo w e r, 
m ore d i s s i m i l a r  l e v e l  o f  l in k a g e  th e s e  sam p les  c l u s t e r  to g e th e r  and 
a p a r t  from  th e  r e s t  o f  th e  G u lf S ystem . C lu s te r  I I  i s  made up o f  th e  
re m a in d e r  o f  th e  sam p les  s tu d ie d  and i s  found  d i s t r i b u t e d  o v e r  th e  w hole 
o f  th e  G u lf o f  M exico e x c lu s iv e  o f  th e  W est F lo r id a  S lo p e  and th e  E a s t  
G u lf P l a i n .
An e x a m in a tio n  o f  th e  UPGMC Q-mode c l u s t e r  a n a l y s i s  dendrogram  f o r  
mean p r e s e r v a t io n  v a lu e s  shows t h a t  a t  a  l in k a g e  o f  0 .4 1 1  on th e  
d i s s i m i l a r i t y  s c a l e  two c l u s t e r e d  g ro u p s  a r e  fo rm ed . I n  a d d i t io n  to  
th e s e  w e l l  form ed c l u s t e r s ,  s e v e r a l  sam p les  a r e  to o  d i s s i m i l a r  a t  t h i s  
l in k a g e  l e v e l  to  j o i n  th e  g ro u p s  b u t  may by th e m s e lv e s  b e  c o n s id e re d  a  
c l u s t e r  o f  h e te ro g e n o u s  s a m p le s . C lu s te r  I  i s  com posed o f  sam p les  6738, 
6786, 6787 , 6788 , and 6752 . T hese  sa m p le s , e x c e p t  f o r  6752 w h ich  i s
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lo c a te d  on E a s t  M exico S lo p e , p l o t  a s  a  w edge w i th in  th e  E a s t  G u lf P la in  
up o n to  th e  s o u th e rn  W est F lo r id a  S lo p e . C lu s te r  I I  in c lu d e s  sam p les  
6739, 6745, 6770, 6775, 6769 , 6776, 6773, 6746 , 6754, 6762, 6766, 6772,
6765, 6767, 6749, 6755 , 6779, 6781, 6782 , 6740, 6759, 6743, 6744, 6758,
6777, 6747, 6756, and 6778. T hese sam p les  p l o t  a s  a  l a r g e  g ro u p  c e n te r e d
o v e r th e  e n t i r e  G u lf B a s in  e x c lu s iv e  o f  C lu s te r  I  and th e  h e te ro g e n o u s
u n c lu s te r e d  sa m p le s . The h e te ro g e n o u s  g ro u p  o f  sam p les  d e l i n e a t e  two 
lo b e d  a r e a s ;  one on th e  Upper M is s i s s i p p i  Cone o f f s h o r e  from  th e  
M is s i s s i p p i  R iv e r ,  th e  o th e r  on th e  n o r th e r n  p a r t  o f  th e  E a s t M exico 
S lo p e , th e  w e s te rn  p a r t  o f  th e  T e x a s -L o u is ia n a  S lo p e , th e  w e s te rn  S ig sb e e  
P l a i n ,  and th e  C o n t in e n ta l  R is e s .  T h is  seco n d  lo b e d  a r e a  w e l l  d e f in e s  a 
g e o g ra p h ic  a r e a  a d ja c e n t  to  and o f f s h o r e  from  th e  R io  G rande.
W ater d e p th  a n a l y s i s
A f u r t h e r  p ro b lem  o f  i n t e r e s t  was an  e x a m in a tio n  o f  th e  f re q u e n c y
o f o c c u r re n c e  and mean p r e s e r v a t io n  o f  a  ta x o n  w ith  r e s p e c t  to  changes
2
in  w a te r  d e p th .  T hese  a n a ly s e s  w ere  p e rfo rm e d  by th e  maximum R im prove­
ment r e g r e s s io n  te c h n iq u e  a s  o u t l in e d  in  C h a p te r  3 . The p r e d ic t io n  
e q u a t io n s  and a s s o c ia t e d  R^ v a lu e s  a r e  g iv e n  i n  A ppendix  F . T ab le  X II 
l i s t s  th o s e  ta x a  w h ich  showed a  s i g n i f i c a n t  o r  h ig h ly  s i g n i f i c a n t  
r e g r e s s io n  e q u a t io n  f o r  ch an g es  i n  f re q u e n c y  w ith  in c r e a s in g  d e p th .  Of 
th e  e le v e n  m ost d o m in an t s p e c ie s  o f  c o c c o l i t h s  i n  th e  b o tto m  se d im e n ts  
o f th e  G u lf o f  M exico a s  l i s t e d  in  T ab le  XI th e  f re q u e n c y  o f  f o u r  o f  
them  s i g n i f i c a n t l y  v a r i e d  w ith  d e p th .  The g ra p h s  o f  th e  s o lu t i o n s  o f  
th e  p r e d i c t i o n  e q u a t io n s  f o r  th e s e  fo u r  m o rp h o ty p es  a r e  g iv e n  a s  t e x t -  
f i g u r e s  37 th ro u g h  40 . U m b ilic o sp h a e ra  m i r a b i l i s  shows a  s l i g h t  f re q u e n c y  
in c r e a s e  w ith  in c r e a s in g  d e p th  o f  w a te r  e s p e c i a l l y  b e low  3 ,0 0 0  m e te r s .
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TABLE X II 
TAXA SHOWING SIGNIFICANT REGRESSION 
EQUATIONS FOR FREQUENCY
C o c c o l i t h e l l a  a n u la * 
C r l c o l i t h u s  jo n e s i*  
G ep hyrocapsa  c a r ib b e a n ic a ** 
C y c lo c o c c o l i th in a * * 
C y c lo c o c c o l i th ln a  le p to p o ra *  
U m b ilic o sp h a e ra  m i r a b i l i s *  
R habd o sp h aera  c l a v ig e r a *  
W a tz n a u ria  s p .*  
Z y g o d isc aceae *  
S y ra c o s p h a e ra c e a e *  
C re ta d is c u s *
U m b ello sp h aera*  
U m b ello sp h ae ra  te n u is *  
U m b ello sp h ae ra  i r r e g u l a r i s *  
P o n to sp h a e ra c e a e * *  
P o n to sp h a e ra *
A n a p lo s o le n ia  b r a s i l i e n s i s *  
E thm orhabdo ideae*  
H a llo p a p p u s  s p . A* 
H a llo p a p p u s  s p . JJ* 
O o l i th o tu s  a n t i l l a r u m *  
Reworked S p e c ie s* *
*(P  < .0 5 ) 
**(P  < .0 1 )
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Text-Figure 40. Solution of prediction equation for frequency changes in UmbeUosphaera tenuis. 108
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IJm b e llo sp h ae ra  I r r e g u l a r i s  shows an  I n c r e a s e  In  f re q u e n c y  o f  o c c u r re n c e  
w ith  in c r e a s in g  d e p th  to  a p p ro x im a te ly  2 ,5 0 0  m e te rs  th e n  a  c o n t in u a l  
d e c r e a s e  in  f re q u e n c y  below  t h i s  d e p th .  C y c lo c o c c o l i th in a  le p to p o r a  
shows a  l i n e a r  d e c r e a s e  i n  ab undance  w i th  in c r e a s in g  d e p th .  
U m beU osphaera  t e n u i s  shows a  com plex f l u c t u a t i n g  ch an g e  in  f re q u e n c y  
w ith  in c r e a s in g  d e p th .  T a b le  X I I I  l i s t s  th o s e  ta x a  w hich  showed a  
s i g n i f i c a n t  o r  h ig h ly  s i g n i f i c a n t  r e g r e s s io n  e q u a t io n  f o r  ch an g es  in  
mean p r e s e r v a t io n  v a lu e s  w ith  c o r re s p o n d in g  ch an g e s  in  d e p th  o f  w a te r .
Of th e  e le v e n  m ost ab u n d an t s p e c ie s  o f  c o c c o l i t h s  i n  th e  b o tto m  se d im e n t 
n a n n o f lo r a  s i x  showed s i g n i f i c a n t  ch an g e s  in  p r e s e r v a t io n  w ith  in c r e a s ­
in g  d e p th .  The g ra p h s  o f  th e  s o lu t i o n s  o f  th e  p r e d i c t i o n  e q u a t io n s  f o r  
th e s e  m o rpho types  a r e  g iv e n  a s  t e x t - f i g u r e s  41 th ro u g h  4 6 . E m ilia n ia  
h u x le y i  shows b e t t e r  p r e s e r v a t io n  w ith  in c r e a s in g  d e p th  beyond 2 ,5 0 0  
m e te r s .  A ls o , G ephyrocapsa  o c e a n ic a  shows b e t t e r  p r e s e r v a t io n  w ith  
in c r e a s in g  w a te r  d e p th  beyond 2 ,5 0 0  m e te r s .  The p r e d i c t i o n  e q u a t io n  
g ra p h s  f o r  U m b llic o sp h a e ra  m i r a b i l i s , C y c lo c o c c o l i th in a  le p to p o r a  and 
S y ra c o sp h a e ra  p u lc h ra  a l l  show th e  same r e l a t i o n s h i p  o f  b e t t e r  p r e s e r v a ­
t i o n  w ith  i n c r e a s in g  d e p th ,  p a r t i c u l a r l y  below  2 ,6 0 0  m e te r s .  A lth o u g h  
show ing a  s i g n i f i c a n t  ch an g e  i n  p r e s e r v a t io n  w ith  in c r e a s in g  w a te r  d e p th ,  
D is c o s p h a e ra  t u b i f e r a  was c o n s i s t e n t l y  p o o r ly  p re s e rv e d  th ro u g h o u t th e  
G u lf .
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TABLE X II I  
TAXA SHOWING SIGNIFICANT REGRESSION 
EQUATIONS FOR PRESERVATION
C o c c o l i th in a e * *
C o c c o lith e a e * *
C r i c o l i t h u s  .jo n e s i*  
G ephyrocapsa**
G ephyrocapsa  o c e a n ic a *  
G ephyrocapsa  d o ro n ic o ld e s * * 
E m llla n la  h u x le y i** 
C y c lo c o c c o l i th in a *  
C y c lo c o c c o l i th in a  le p to p o r a * * 
C y c lo c o c c o l i th in a  f r a g i l i s * 
U ro b ilic o sp h a e ra  m i r a b i l i s *  
R hab d o sp h aeraceae* *  
R h ab d o sp h aera*
Rhabdosphaera clavigera*
D is c o s p h a e ra  tu b i f e r a *  
W a tz n a u ria  s p . ** 
S y ra c o s p h a e ra c e a e *  
S y ra c o sp h a e ra *
S y ra c o sp h a e ra  p u lc h e ra *  
U m beU osphaera*  
H e lic o p o n to s p h a e ra *  
H e lic o p o n to s p h a e ra  h y a l in a *  
H e lic o p o n to s p h a e ra  w a l l i c h i * * 
C a lc lo s o le n a c e a e *  
A n a p lo s o le n ia  b r a s i l i e n s i s * * 
P o d o rh a b d in a le s* *  
H o lo d is c o l i th u s  m acropo rus*  
O o li th o ta c e a e *
*(P < .0 5 )  
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Text-Figure 42. Solution of prediction equation for preservation changes in Gephyrocapsa oceanica.
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Text-Figure 43. Solution of prediction equation for preservation changes in Umbilicosphaera mirabilis.
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Text-Figure 44. Solution of prediction equation for preservation changes in Cyclococcolithina leptopora.
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On th e  b a s i s  o f  th e  r e s u l t s  o f  th e  v a r io u s  s t a t i s t i c a l  a n a ly s e s  and 
t e s t s  o f  h y p o th e se s  p e rfo rm ed  on th e  r e l a t i v e  ab u n d an ce  and  mean p r e s e r ­
v a t io n  d a ta  f o r  c o c c o l i t h s  and  r e l a t e d  n a n n o f o s s i l s  re c o v e re d  from  
s u r f i c i a l  b o tto m  se d im e n ts  o f  th e  G u lf o f  M exico th e  fo llo w in g  c o n c lu ­
s io n s  can  b e  made.
1 . C o c c o l i th s  and r e l a t e d  n a n n o f o s s i l s  a r e  c l e a r l y  a  b io g e n ic  
com ponent o f  th e  p e l a g ic  s e d im e n ts  d e p o s i te d  i n  th e  G u lf 
o f  M exico. A l l  f i f t y - t h r e e  sam p les  s tu d ie d  w hich  a r e  
c o n s id e re d  r e p r e s e n t a t i v e  o f  th e  m a jo r G u lf p h y s io g ra p h ic  
p ro v in c e s  e x c lu s iv e  o f  th e  C o n t in e n ta l  S h e l f ,  y ie ld e d  
ab u n d a n t n a n n o p la n k to n  r e m a in s .  T h i r t y - f i v e  e x t a n t  s p e c ie s  
and tw e n ty -o n e  e x t i n c t  s p e c ie s  w ere  r e c o v e re d  from  th e  
s u r f i c i a l  b o tto m  s e d im e n ts .  The o n ly  g e n e ra  r e p o r te d  
l i v i n g  i n  G u lf w a te r s  (G a a rd e r and F r y x e l l ,  1970) w hich  
w ere n o t  found  p r e s e n t  in  th e  s u r f i c i a l  s e d im e n ts  w ere th e  
f r a g i l e  h o lo c o c c o l i th s  o f  H e lla d o s p h a e ra  and P e r ip h y l lo p h o r a . 
G r e a te s t  t o t a l  s p e c ie s  d i v e r s i t y  o c c u rre d  o v e r th e  
C o n t in e n ta l  S lo p e s  o f  th e  G u lf w here th e  n a n n o f lo r a  in c lu d e d  
rew orked  ta x a ;  how ever, th e  a v e ra g e  num ber o f  e x t a n t  ta x a  
re c o v e re d  from  any s in g l e  sam ple  was a p p ro x im a te ly  tw e n ty .
The r e l a t i v e  f re q u e n c y  c o u n tin g  te c h n iq u e  u sed  i n  t h i s  s tu d y  
c a n n o t g e n e r a te  any a b s o lu t e  abundance  d a t a ;  th e r e f o r e  
n o th in g  can  be  c o n c lu d ed  h e re  a b o u t th e  v a r i a b i l i t y  o f  th e  
t o t a l  number o f  c o c c o l i t h s  p e r  u n i t  w e ig h t o f  se d im e n t
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w hich  m ig h t be  re c o v e re d  from  a  b o tto m  se d im e n t sam p le .
The m odern b o tto m  se d im e n t n a n n o f lo r a  does n o t  p e r f e c t l y  
c o r r e l a t e  w ith  e i t h e r  T r o p ic a l  Zone I  o r  S u b t r o p ic a l  Zone 
I I  o f  M c In ty re  and  Be (1967 ) o r  w ith  th e  same zo n es  o f  
S chneiderm ann  (1 9 7 2 ) . R a th e r  th a n  b e in g  a s s ig n e d  to  a 
s i n g l e  b io g e o g ra p h ic  zone th e  G u lf n a n n o f lo r a  a p p e a rs  to  
b e  a  m ix tu re  o f  t r o p i c a l  and s u b t r o p ic a l  A t l a n t i c  fo rm s.
The r e l a t i v e  abun d an ces  o f  s p e c ie s  o f  th e  A t l a n t i c  
c o c c o l i th o p h y te  f l o r a l  a s se m b la g e s  a s  g iv e n  by M cIn ty re  
and B£ (1967) and emended by Schneiderm ann  (1972) show a  
dom inance o f  U m beU osphaera  i r r e g u l a r i s  and  Cyc l o l l  th e  11a 
a n n u la  f o r  T r o p ic a l  w a te r  and  U m b ello sp h ae ra  t e n u i s  and 
R h ab d o sp h aera  s t y l i f e r a  f o r  S u b t r o p ic a l  w a te r s .  A lth o u g h  
a l l  o f  th e s e  s p e c ie s  a r e  p r e s e n t  in  th e  G u lf s e d im e n t 
s a m p le s , th e  p r e s e n t  a s se m b la g e s  i s  d o m in a ted  by E m ilia n ia  
h u x le y i , G ephyrocapsa  o c e a n ic a  and U m b ilic o sp h a e ra  m i r a b i l i s  
w h ich  s u g g e s ts  a  m ix in g  o f  N o rth  and Sou th  A t l a n t i c  w a te r  
p ro d u c in g  a  G u lf n a n n o f lo r a l  a s sem b lag e  s i m i l a r  to  M cIn ty re  
and B £ 's  and S ch n e id e rm an n ’ s  T r a n s i t i o n a l  Zone I I I  found 
o n ly  a t  h ig h e r  l a t i t u d e s  i n  th e  A t l a n t i c  O cean. The 
T r a n s i t i o n  Zone o f  th e s e  a u th o r s  i s  m arked by an  in c r e a s in g  
dom inance o f  th e  p l a c o l l t h s ,  su ch  a s  G ephyrocapsa  e r i c s o n i i , 
E m il ia n ia  h u x le y i  and C y c lo c o c c o l i th in a  l e p to p o r a , and  by 
th e  a p p e a ra n c e  in  s m a ll  q u a n t i t i e s  in  th e  c o ld e r  w a te r s  o f 
C o c c o l i th u s  p e la g ic u s  w h ich  i s  a b s e n t  from  th e  G u lf .  As 
an  a l t e r n a t i v e  to  m ix in g  o f  T r o p ic a l  and  S u b t r o p ic a l  
A t l a n t i c  n a n n o f lo r a s  b e in g  r e f l e c t e d  i n  G u lf b o tto m  s e d i -
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m erits , th e  G u lf n a n n o f lo r a  may r e p r e s e n t  r e l i c t  P le i s to c e n e  
c o ld  w a te r  c o n d i t io n s  w hich  h av e  n o t  y e t  b e e n  masked by 
l a t e r  se d im e n t a c c u m u la tio n . The f i n a l  i n t e r p r e t a t i o n  o f  
th e  b io g e o g ra p h ic  p o s i t i o n  o f  th e  n a n n o f lo r a  p r e s e n t l y  
s tu d ie d  sh o u ld  be made a f t e r  a s tu d y  o f  th e  r e l a t i v e  
abundance  o f  c o c c o l i th o p h y te s  l i v i n g  in  th e  G u lf  w a te r s .
3 . On th e  a v e ra g e  a p p ro x im a te ly  one p e r c e n t  o f  th e  c o c c o l i t h s  
and r e l a t e d  n a n n o f o s s i l s  r e c o v e re d  from  G u lf b o tto m  s e d i ­
m ents a r e  rew orked  C re ta c e o u s  and T e r t i a r y  fo rm s . The m ost 
a b u n d a n t o c c u r re n c e s  o f  rew orked  n a n n o f o s s i l s  i n  th e  b o tto m  
se d im e n ts  d e l i n e a t e  th r e e  d i s t i n c t  g e o g ra p h ic  a r e a s  w hich  
c o r r e l a t e  w ith  th e  known p o s i t i o n  o f  f r e s h  w a te r  i n f l u x  
i n t o  th e  G u lf System . The p re s e n c e  o f  rew orked  m a t e r i a l  
r e s t r i c t e d  to  a r e a s  a d j a c e n t  to  th e  M is s i s s i p p i  R iv e r ,
R io G ran d e , and r i v e r s  f lo w in g  i n t o  th e  Campeche Bay, 
i n d i c a t e s  p o in t  s o u rc e s  o f  t e r r i g e n o u s  se d im e n t su p p ly  f o r  
th e  G u lf .
4 . The g e o g ra p h ic  d i s t r i b u t i o n  o f  th e  r e l a t i v e  abundance  o f  
n a n n o f o s s i l  ta x a  i n  th e  G u lf i s  n o t  e n t i r e l y  r e l a t e d  to  
ch an g es  in  p h y s io g ra p h ic  p ro v in c e s  a s  h e r e in  d e f in e d .  A l­
though  a l lu d e d  to  by b i o s t r a t i g r a p h e r s  (C ohen, 1965;
T r e x l e r ,  1967; Brabb e t  a l . , 1971; S c h o lle  and K lin g , 1972; 
and B y b e ll  and  G a r tn e r ,  1 9 7 2 ), th e  s u g g e s t io n  t h a t  a  
s p e c i f i c  f o s s i l  n a n n o f lo r a  may r e p r e s e n t  c o n t i n e n t a l  s lo p e  
d e p o s i t s ,  o r  any  o th e r  d e p o s i t  from  a  s p e c i f i c  p h y s io g ra p h ic  
d i v i s i o n  o f  an ocean  b a s in  i s  n o t  s u b s t a n t i a l l y  s u p p o r te d
by t h i s  r e s e a r c h .  T h ere  was f a r  l e s s  v a r i a b i l i t y  in
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f re q u e n c y  d i s t r i b u t i o n s  o f  c o c c o l i th o p h y te  re m a in s  th a n  
o r i g i n a l l y  th o u g h t ,  f u r t h e r  docum enting  th e  u t i l i t y  o f  
th e s e  f o s s i l s  f o r  w o rld  w ide c o r r e l a t i o n s  and  o th e r  b i o -  
s t r a t i g r a p h i c  a p p l i c a t i o n s .  I t  sh o u ld  b e  p o in te d  o u t t h a t  
th e  m a jo r  ch an g es  in  th e  g e o g ra p h ic  d i s t r i b u t i o n  p a t t e r n s  
f o r  th e  G u lf b o tto m  n a n n o f lo r a  can  be  in  p a r t  r e l a t e d  to  
th e  te m p e ra tu re  and  s a l i n i t y  ch an g es  i n  th e  o v e r ly in g  
w a te r  m ass p resu m ab ly  r e f l e c t i n g  e n v iro n m e n ta l c o n t r o l  on 
th e  b io c o e n o se .
5 . The p r e s e r v a t io n  o f  n a n n o f o s s i l  ta x a  i n  th e  G u lf i s  n o t  
e n t i r e l y  r e l a t e d  to  ch an g es  in  p h y s io g ra p h ic  p ro v in c e s  a s  
h e r e in  d e f in e d .  The a r e a s  o f  p o o r e s t  p r e s e r v a t io n  c o in c id e  
w ith  p o r t i o n s  o f C o n t in e n ta l  S lo p e  and M is s i s s i p p i  Cone 
d e p o s i t s  t h a t  a r e  r i c h e s t  in  t e r r e s t r i a l l y  d e r iv e d  o rg a n ic  
c a rb o n . T h is  s u g g e s ts  t h a t  th e  p r e f e r e n t i a l  d i s s o l u t i o n  o f 
c a rb o n a te  p a r t i c l e s  i n  c o n t in e n ta l  s lo p e  b o tto m  se d im e n ts  
can  be cau sed  by th e  d e g r a d a t io n  o f  o rg a n ic  m a t e r i a l s .  The 
A b y ssa l P la i n  y ie ld e d  th e  b e s t  p re s e rv e d  n a n n o f o s s i l  m a te r i a l  
i n d i c a t i n g  th e  a b se n c e  o f  a  c a rb o n a te  co m p en sa tio n  d e p th  o r  a  
w e ll  d e f in e d  l y s o c l i n e  f o r  th e  G u lf o f  M exico.
6 . The e v a lu a t io n  o f  th e  p r e s e r v a t io n  o f  i n d i v id u a l  n a n n o f o s s i l  
ta x a  p ro v ed  u s e f u l  i n  d i s t i n g u i s h i n g  g e o g ra p h ic a l  a r e a s  o f  
good and p o o r p r e s e r v a t io n  w i th in  th e  G u lf , and p ro v id e d  a  
means o f  i d e n t i f y i n g  s e l e c t i v e  p r e s e r v a t io n  by m o rp h o ty p e . 
P r e f e r e n t i a l  d e s t r u c t i o n  o f  m orpho types by m e c h a n ic a l o r  
c h e m ic a l means was d e te c te d  in  many sa m p le s . In  c o n t r a s t  to  
th e  c o m p o s itio n  o f th e  l i v i n g  c o c c o l i th o p h y te  p o p u la t io n  o f
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th e  G u lf ,  th e  b o tto m  se d im e n ts  c o n ta in  few er h o lo c o c c o l i th s .
Of th e  d i f f e r e n t  k in d s  o f  c o c c o l i t h s ;  p l a c o l l t h s ,  c a n e o l i t h s ,  
and r h a b d o l i t h s  a r e  p r e f e r e n t i a l l y  p r e s e rv e d .
7 . I n c r e a s e s  In  d e p th  o f  w a te r  have  l i t t l e  o v e r a l l  e f f e c t  on 
th e  d e s t r u c t i o n  o f  G u lf c o c c o l i t h s  and r e l a t e d  n a n n o f o s s i l s .  
Only C y c lo c o c c o l i th in a  le p to p o r a  showed a s t r o n g  t r e n d  to ­
w ard p o o re r  p r e s e r v a t io n  w ith  in c r e a s in g  w a te r  d e p th .  As 
s t a t e d  i n  c o n c lu s io n  5 above  t h e  b e s t  p r e s e rv e d  m a te r i a l  
o c c u r re d  in  th e  d e e p e s t  p o r t i o n s  o f  th e  G u lf away from  th e  
C o n t in e n ta l  M arg in . No e v id e n c e  o f  a  l y s o c l in e  o r  c a rb o n a te  
co m p en sa tio n  d e p th  f o r  m a t e r i a l  a t  o r  above 3 ,7 6 2  m e te rs  
d e p th  was d e te c te d  In  t h i s  s tu d y .
In  o rd e r  to  c h a r a c t e r i z e  m ore f u l l y  th e  g e o g ra p h ic  d i s t r i b u t i o n  o f  
c o c c o l i t h s  and r e l a t e d  n a n n o f o s s i l  re m a in s  in  th e  G u lf o f  M exico th e  
fo l lo w in g  e x te n s io n s  o f  t h i s  s tu d y ,  o r  s u g g e s t io n s  f o r  f u t u r e  s t u d i e s ,  
a r e  m ade:
1. A s u rv e y  o f  th e  r e l a t i v e  f re q u e n c y  o f  o c c u r re n c e  o f  
c o c c o l i th o p h y te s  l i v i n g  in  th e  w a te r s  o f  th e  G u lf  o f
M exico sh o u ld  be  c o n d u c te d . T h is  in fo rm a tio n  w ould a l lo w  one 
to  d e te rm in e  to  w hat e x te n t  th e  s p e c ie s  c o m p o s itio n  and 
d i s t r i b u t i o n  o f  th e  b o tto m  se d im e n t n a n n o f lo ra  r e f l e c t s  I t s  
b io c o e n o s e .
2 . A s tu d y  o f  th e  c o c c o l i t h s  and r e l a t e d  n a n n o f o s s i l s  from  th e  
b o tto m  se d im e n ts  o f  th e  C o n t in e n ta l  S h e lf  a r e a s  o f  th e  G u lf 
sh o u ld  b e  c o n d u c te d . The p r e s e n t  l a c k  o f  a d e q u a te  and 
r e p r e s e n t a t i v e  s h e l f  sam p les  and a  tim e  f a c t o r  i n  h a n d lin g  
a d d i t i o n a l  sam p les  p re v e n te d  th e  w r i t e r  from  ex p an d in g  t h i s
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r e s e a r c h  to  in c lu d e  th e  e n t i r e  G u lf B a s in .
3 . F u tu re  w a te r  c h e m is try  s tu d i e s  m ig h t d e te rm in e  a  m ore 
p r e c i s e  d e f i n i t i o n  o f  a r e a s  o f  r i v e r  i n f l u x  and how to  
i d e n t i f y  them . A d d i t io n a l  s t u d i e s  on th e  r o l e  t h a t  
o rg a n ic  r i c h  se d im e n ts  p la y  i n  th e  a l t e r a t i o n  o f  c a rb o n a te  
d e t r i t u s  tra p p e d  i n  them  w ould h e lp  i n  u n d e r s ta n d in g  th e  
d ia g e n e s i s  o f  c o c c o l i t h s  i n  b o tto m  s e d im e n ts .
4 . The d o c u m e n ta tio n  t h a t  c o c c o l i t h  o r  o th e r  b io g e n ic  
s k e l e t a l  m a t e r i a l  i s  t r a n s p o r te d  by th e  v a r io u s  r i v e r  
sy s te m s  f lo w in g  i n t o  th e  G u lf o r  o th e r  ocean  sy s tem s  
re m a in s  to  b e  d o n e . A t t h i s  p o in t  one can  o n ly  assum e 
t h a t  rew o rk ed  n a n n o f o s s i l s  found  i n  H o locene  bo ttom  
se d im e n ts  a r e ,  i n  p a r t ,  t e r r e s t r i a l l y  d e r iv e d .
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Figure 7
EXPLANATION OF PLATE 1
(all figures magnified 10,000X)
COCCOLITHACEAE
C y c l o l i t h e l l a  a n n u la  (Cohen) M c In ty re  e t  Be 1967. 
A ssem blage n o . 6773; S .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 4 .
C y c l o l i t h e l l a  a n n u la  (Cohen) M c In ty re  e t  Be 1967. 
A ssem blage n o . 6768; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 4 .
C y c l o l i t h e l l a  a n n u la  (Cohen) M cIn ty re  e t  Be 1967, 
A ssem blage n o . 6787; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 4 .
C y c l o l i t h e l l a  a n n u la  (Cohen) M c In ty re  e t  Be 1967. 
A ssem blage n o . 6769; S .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
C r i c o l i t h u s  j o n e s i  Cohen 1965.
A ssem blage n o . 6751 ; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
G ephyrocapsa  o c e a n ic a  K am ptner 1943.
A ssem blage n o . 6761; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
G eph y ro cap sa  o c e a n ic a  K am ptner 1943.
A ssem blage n o . 6773; T .E .M ., h y p o ty p e , s i d e  v iew  w ith  
p ro x im a l s h i e l d  to  l e f t ,  p r e s e r v a t io n  v a lu e  = 2 .
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F ig u re  8 G ephyrocapsa  o c e a n ic a  K am ptner 1943.
A ssem blage n o . 6773; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
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EXPLANATION OF PLATE 2
(all figures magnified 10,OOOX unless otherwise noted)
COCCOLITHACEAE
F ig u re  1. G ephyrocapsa  o c e a n ic a  K am ptner 1943.
A ssem blage n o . 6748; S .E .M ., h y p o ty p e , c o c c o sp h e re .  
F ig u re  2 . G ephro cap sa  o c e a n ic a  K am ptner 1943.
A ssem blage n o . 6763; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
F ig u re  3 . G ep hyrocapsa  o c e a n ic a  K am ptner 1943.
A ssem blage n o . 6787; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2.
F ig u re  4 . G eph y ro cap sa  o c e a n ic a  K am ptner 1943.
A ssem blage n o . 6763; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 3 .
F ig u re  5 . G ep hyrocapsa  o c e a n ic a  K am ptner 1943.
A ssem blage n o . 6753; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 4 .
F ig u re  6 . G ephyrocapsa  o c e a n ic a  K am ptner 1943.
A ssem blage n o . 6760; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2.
F ig u re  7 . G ep hyrocapsa  o c e a n ic a  K am ptner 1943.
A ssem blage n o . 6780; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 3 .
F ig u re  8 .  G ephyrocapsa  c a r ib b e a n ic a  B oudreaux  e t  Hay 1969.
A ssem blage n o . 6748; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  -  3 .
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F ig u re  9 . G ephyrocapsa  d o r o n ic o id e s  (B la c k  e t  B a rn e s )  Bukry 1973.
A ssem blage n o . 6787; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
F ig u re  10. G ephyrocapsa  k a m p tn e r i  D e f la n d re  e t  F e r t  1954.
A ssem blage n o . 6757; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
F ig u re  11. G ep h y ro cap sa  k a m p tn e r i  D e f la n d re  e t  F e r t  1954.
A ssem blage n o . 6751; S .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  -  2.
F ig u re  12. G ephyrocapsa  k a m p tn e r i D e f la n d re  e t  F e r t  1954.
A ssem blage n o . 6769; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 3 .
F ig u re  13 . G ephyrocapsa  k a m p tn e r i  D e f la n d re  e t  F e r t  1954.
A ssem blage n o . 6738; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
F ig u re  14 . G ephyrocapsa  k a m p tn e r i  D e f la n d re  e t  F e r t  1954.
A ssem blage n o . 6763; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 3.
F ig u re  15 . G ephyrocapsa  p r o to h u x le y i  M c In ty re  1970.
A ssem blage no . 6748; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  -  2 .
F ig u re  16. G ephyrocapsa  o c e a n ic a  K am ptner 1943.
A ssem blage n o . 6769; S .E .M ., h y p o ty p e , d i s t a l  v ie w , 
20 ,000X , p r e s e r v a t io n  v a lu e  = 2 .
F ig u re  17 . G eph y ro cap sa  p r o to h u x le y i  M c In ty re  1970.
A ssem blage n o . 6782; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 3 .
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F ig u re  18. G ephyrocapsa  p r o to h u x le y i  M c In ty re  1970.
A ssem blage n o . 6768; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
PLATE 2
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148
( a l l
F ig u re  1.
F ig u re  2.
F ig u re  3 .
F ig u re  4 .
F ig u re  5 .
F ig u re  6.
F ig u re  7 .
F ig u re  8 ,
EXPLANATION OF PLATE 3
figures magnified 10,000X unless otherwise noted)
COCCOLITHACEAE
E m ilia n ia  h u x le y i  (Lohmann) Hay e t  M ohler 1967. 
A ssem blage n o . 6742; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
E m il ia n ia  h u x le y i  (Lohmann) Hay e t  M ohler 1967. 
A ssem blage n o . 6768; T .E .M ., h y p o ty p e , s i d e  v iew  w ith  
d i s t a l  s h i e l d  a t  to p  o f  u p p e r sp ec im en , d i s t a l  v iew  o f 
lo w er sp e c im e n , p r e s e r v a t io n  v a lu e  = 1.
E m il ia n ia  h u x le y i  (Lohmann) Hay e t  M ohler 1967. 
A ssem blage n o . 6745; T .E .M ., h y p o ty p e , c o c c o sp h e re .  
E m il ia n ia  h u x le y i  (Lohmann) Hay e t  M ohler 1967. 
A ssem blage n o . 6767; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 2.
E m il ia n ia  h u x le y i  (Lohmann) Hay e t  M ohler 1967. 
A ssem blage n o . 6738; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1 .
E m il ia n ia  h u x le y l  (Lohmann) Hay e t  M ohler 1967. 
A ssem blage n o . 6745; T .E .M ., h y p o ty p e , c o c c o s p h e re .  
E m il ia n ia  h u x le y i  (Lohmann) Hay e t  M ohler 1967. 
A ssem blage n o . 6746; S .E .M ., h y p o ty p e , c o c c o s p h e re .  
E m il ia n ia  h u x le y i  (Lohmann) Hay e t  M ohler 1967. 
A ssem blage n o . 6767; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
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F ig u re  9 . E m il ia n ia  h u x le y i  (Lohmann) Hay e t  M oh ler 1967.
A ssem blage n o . 6759; T .E .M ., h y p o ty p e , s id e  v ie w  w ith  
p ro x im a l s h i e l d  tow ard  to p  o f  p h o to , p r e s e r v a t i o n  v a lu e  = 1. 
F ig u re  10. E m il ia n ia  h u x le y l  (Lohmann) Hay e t  M ohler 1967.
A ssem blage n o . 6764; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 4 .
F ig u re  11. E m il ia n ia  h u x le y i  (Lohmann) Hay e t  M oh ler 1967.
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Figure 5
EXPLANATION OF PLATE 4
(all figures magnified 10,000X)
COCCOLITHACEAE
C y c lo c o c c o l i th in a  le p to p o r a  (M urray e t  B lackm an) W ilcoxon 
1970.
A ssem blage n o . 6765; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  *= 1 .
C y c lo c o c c o l i th in a  le p to p o r a  (M urray e t  B lackm an) W ilcoxon 
1970.
A ssem blage n o . 6765; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
C y c lo c o c c o l i th in a  le p to p o r a  (M urray e t  B lackm an) W ilcoxon 
1970.
A ssem blage n o . 6763; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
C y c lo c o c c o l i th in a  le p to p o r a  (M urray e t  B lackm an) W ilcoxon 
1970.
A ssem blage n o . 6761; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
C y c lo c o c c o l i th in a  le p to p o r a  (M urray e t  B lackm an) W ilcoxon 
1970.
A ssem blage n o . 6765; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  -  1.
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6 . C y c lo c o c c o l i th in a  le p to p o r a  (M urray e t  B lackm an) W ilcoxon 
1970.
A ssem blage n o . 6771; S .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  -  1.
7 . C y c lo c o c c o l i th in a  le p to p o r a  (M urray e t  B lackm an) W ilcoxon 
1970.
A ssem blage n o . 6771; S .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
8 . C y c lo c o c c o l i th in a  le p to p o r a  (M urray e t  B lackm an) W ilcoxon 
1970.
A ssem blage n o . 6765; T .E .M ., h y p o ty p e , s i d e  v iew  o f  d i s t a l  
s h i e l d ,  p r e s e r v a t io n  v a lu e  = 2 .
9 . C y c lo c o c c o l i th in a  f r a g i l i s  (Lohmann) W ilcoxon 1970. 
A ssem blage n o . 6759; T.E.M . h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2.
10 . C y c lo c o c c o l i th in a  f r a g i l i s  (Lohmann) W ilcoxon 1970. 
A ssem blage n o . 6740; S .E .M ., h y p o ty p e , d i s t a l  v ie w , 
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Figure 6.
EXPLANATION OF PLATE 5
figures magnified 10,000X unless otherwise noted)
COCCOLITHACEAE
U m b ilic o sp h a e ra  m i r a b i l i s  Lohmann 1902.
A ssem blage n o . 6778; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 3 .
U m b ilic o s p h a e ra  m i r a b i l i s  Lohmann 1902.
A ssem blage n o . 6788; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
U m b ilic o sp h a e ra  m i r a b i l i s  Lohmann 1902.
A ssem blage n o . 6739; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 3 .
U m b ilic o sp h a e ra  m i r a b i l i s  Lohmann 1902.
A ssem blage n o . 6765; T .E .M ., h y p o ty p e , s id e  v iew  w ith  
p ro x im a l s h i e l d  to  l e f t ,  5 ,000X , p r e s e r v a t io n  v a lu e  = 1. 
U m b ilic o sp h a e ra  m i r a b i l i s  Lohmann 1902.
A ssem blage n o . 6769 ; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
U m b ilic o sp h a e ra  m i r a b i l i s  Lohmann 1902.
A ssem blage n o . 6769 ; S .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
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THORACOSPHAERACEAE
F ig u re  7 . T h o ra c o sp h a e ra  h e im i i  (Lohmann) K am ptner 1941.
A ssem blage n o . 6779; S .E .M ., h y p o ty p e , n a n n o sp h e re , 
5,OOOX, p r e s e r v a t io n  v a lu e  = 1 .
F ig u re  8 . T h o ra c o sp h a e ra  h e im i i  (Lohmann) K am ptner 1941.
A ssem blage n o . 6745; T .E .M ., h y p o ty p e , n a n n o sp h e re , 
5 ,000X , p r e s e r v a t i o n  v a lu e  = 2.
F ig u re  9 . T h o ra c o sp h a e ra  h e im i i  (Lohmann) K am ptner 1941.
A ssem blage n o . 6785; S .E .M ., h y p o ty p e , t r a n s v e r s e  c r o s s -  
s e c t i o n  o f  w a l l  show ing p ro x im a l s u r f a c e ,  5 ,000X .
F ig u re  10. T e s s e l l a t o l i t h u s  d e n ta tu s  Haq 1968.
A ssem blage n o . 6755; T .E .M ., h y p o ty p e , d i s t a l  f a c e  o f  





EXPLANATION OF PLATE 6
( a l l  f i g u r e s  m a g n if ie d  5.000X  u n le s s  o th e rw is e  n o te d )
THORACOSPHAERACEAE
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Figure 6.
T h o ra c o sp h a e ra  h e im i (Lohmann) Kamp tn e r  1941. 
A ssem blage n o . 6745; T .E .M ., h y p o ty p e , n a n n o sp h e re , 
p r e s e r v a t io n  v a lu e  = 3.
T h o ra c o sp h a e ra  h e im i (Lohmann) K am ptner 1941. 
A ssem blage n o . 6745; T .E .M ., h y p o ty p e , n a n n o sp h e re , 
p r e s e r v a t io n  v a lu e  = 3.
T h o ra c o sp h a e ra  new s p e c i e s .
A ssem blage n o . 6767; S .E .M ., p a r a ty p e ,  n a n n o sp h e re , 
p r e s e r v a t io n  v a lu e  = 1.
T h o ra c o sp h a e ra  new s p e c i e s .
A ssem blage n o . 6767; S .E .M ., h o lo ty p e ,  n a n n o sp h e re , 
p r e s e r v a t io n  v a lu e  = 1.
T h o ra c o sp h a e ra  new s p e c i e s .
A ssem blage n o . 6767; S .E .M ., p a r a ty p e ,  n a n n o s p h e re , 
p r e s e r v a t io n  v a lu e  = 1.
T h o ra c o sp h a e ra  new s p e c i e s .
A ssem blage n o . 6767; S .E .M ., p a r a ty p e ,  e n la rg e m e n t o f  
p o r t i o n  o f  s u r f a c e  o f  f i g u r e  5 , lO.OOOX.
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Figure 7
EXPLANATION OF PLATE 7
(all figures magnified 10,000X)
RHABDOSPHAERACEAE
R habd o sp h aera  c l a v ig e r a  M urray e t  B lackm an 1898.
A ssem blage n o . 6770; T .E .M ., h y p o ty p e , s i d e  v iew  o f  d i s t a l  
s p in e ,  p r e s e r v a t io n  v a lu e  = 1.
R h abdosphaera  c l a v ig e r a  M urray e t  B lackm an 1898.
A ssem blage n o . 6746; T .E .M ., h y p o ty p e , s id e  v iew  o f  d i s t a l  
s p in e ,  p r e s e r v a t io n  v a lu e  = 2 .
R habd o sp h aera  c l a v i g e r a  M urray e t  B lackm an 1898.
A ssem blage n o . 6744; T .E .M ., h y p o ty p e , s i d e  v iew  o f  d i s t a l  
s p in e ,  p r e s e r v a t io n  v a lu e  = 3 .
R h ab d o sp h aera  c l a v ig e r a  M urray e t  B lackm an 1898.
A ssem blage n o . 6761; T .E .M ., h y p o ty p e , p ro x im a l o r i e n t a t i o n  
o f  s id e  v ie w , p r e s e r v a t io n  v a lu e  = 1 .
R habd o sp h aera  c l a v ig e r a  M urray e t  B lackm an 1898.
A ssem blage n o . 6769; T .E .M ., h y p o ty p e , fra g m e n t o f  d i s t a l  
s p in e ,  p r e s e r v a t io n  v a lu e  = 5.
R habdosphaera  s t y l i f e r a  Lohman 1902.
A ssem blage n o . 6769; T .E .M ., h y p o ty p e , s i d e  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
R h abdosphaera  s t y l i f e r a  Lohmann 1902.
Assemblage no. 6740; T.E.M., hypotype, distal view,
preservation value = 2.
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8 . R habd o sp h aera  s t y l i f e r a  Lohmann 1902.
A ssem blage n o . 6758; T .E .M ,, h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
9 . R habd o sp h aera  s t y l i f e r a  Lohmann 1902.
A ssem blage n o . 6759; T .E .M ., h y p o ty p e , s id e  v ie w , 
p r e s e r v a t io n  v a lu e  = 1
10. R habd o sp h aera  s t y l i f e r a  Lohmann 1902.
= ( D is c o l i th u s  p h a s e o lu s  B la ck  e t  B arn es  1961) 
A ssem blage n o . 6756; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
11. R habd o sp h aera  s t y l i f e r a  Lohmann 1902.
= ( D is c o l i th u s  p h a s e o lu s  B la ck  e t  B arnes  1961) 
A ssem blage n o . 6768; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2.
12. R habd o sp h aera  s t y l i f e r a  Lohman 1902.
= ( D is c o l i th u s  p h a s e o lu s  B la ck  e t  B arn es  1961) 
A ssem blage no . 6756 ; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
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Figure 6
EXPLANATION OF PLATE 8
(all figures magnified 10,000X)
RHABDOSPHAERACEAE
D is c o s p h a e ra  t u b i f e r a  (M urray e t  B lackm an) O s te n fe ld  1900. 
A ssem blage no . 6769; S .E .M ., h y p o ty p e , s i d e  v iew  o f d i s t a l  
tu b e .  (N o te : R habd o sp h aera  c l a v ig e r a  M urray e t  Blackman 
1898 i n  b a c k g ro u n d ) , p r e s e r v a t i o n  v a lu e  = 5 .
D is c o s p h a e ra  t u b i f e r a  (M urray e t  B lackm an) O s te n fe ld  1900. 
A ssem blage n o . 6760; S .E .M ., h y p o ty p e , s i d e  v iew  w ith  
d i s t a l  tu b e  o r i e n t a t e d  downward, p r e s e r v a t io n  v a lu e  * 1. 
D is c o s p h a e ra  t u b i f e r a  (M urray e t  B lackm an) O s te n fe ld  1900. 
A ssem blage n o . 6768 ; T .E .M ., h y p o ty p e , s i d e  v iew  o f  d i s t a l  
tu b e ,  p r e s e r v a t io n  v a lu e  = 5 .
D is c o s p h a e ra  t u b i f e r a  (M urray e t  B lackm an) O s te n fe ld  1900. 
A ssem blage n o . 6769; T .E .M ., h y p o ty p e , p ro x im a l v iew s o f 
d i s t a l  tu b e s ,  p r e s e r v a t io n  v a lu e  = 5 .
D is c o s p h a e ra  t u b i f e r a  (M urray e t  B lackm an) O s te n f e ld  1900. 
A ssem blage no . 6759; T .E .M ., h y p o ty p e , d i s t a l  v iew  o f  
d i s t a l  tu b e ,  p r e s e r v a t i o n  v a lu e  = 5 .
D is c o s p h a e ra  t u b i f e r a  (M urray e t  B lackm an) O s te n fe ld  1900. 
A ssem blage n o . 6776; T .E .M ., h y p o ty p e , s i d e  v iew  o f  d i s t a l  
tu b e ,  p r e s e r v a t io n  v a lu e  = 5 .
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WATZNAURIACEAE
F ig u re  7 . W a tz n a u rla  s p .
A ssem blage n o . 6765; T .E .M ., d i s t a l  v ie w , p r e s e r v a t io n  
v a lu e  = 2 .
AHMUELLERELLACEAE
F ig u re  8 . V e k s h in e l la  s p .
A ssem blage n o . 6763; T .E .M ., p la n  v ie w , p r e s e r v a t io n  
v a lu e  = 3.
F ig u re  9 . V e k s h in e l la  im b r ic a ta  G a r tn e r  1968.
A ssem blage n o . 6767; S .E .M ., h y p o ty p e , p la n  v ie w , 
p r e s e r v a t io n  v a lu e  = 2.
ZYGODISCACEAE
F ig u re  10. C h ia s to z y g u s  sp .
A ssem blage n o . 6763; T .E .M ., p la n  v ie w , p r e s e r v a t io n  
v a lu e  = 5 .
F ig u re  11. C h ia s to z y g u s  s p .
A ssem blage n o . 6757; T .E .M ., p la n  v ie w , p r e s e r v a t io n  
v a lu e  = 3.
F ig u re  12. Z y g o d isc u s  s p .
A ssem blage n o . 6748; T .E .M ., p la n  v ie w , p r e s e r v a t io n  
v a lu e  = 5 .
F ig u re  13. P a r h a b d o l i th u s  s p .
A ssem blage n o . 6763; T .E .M ., d i s t a l  v ie w , p r e s e r v a t io n  
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Figure 7.
EXPLANATION OF PLATE 9
(all figures magnified 10,000X)
SYRACOSPHAERACEAE
• S y ra c o s p h a e ra  p u lc h ra  Lohmann 1902.
A ssem blage n o . 6756; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t i o n  v a lu e  = 2 .
S y ra c o s p h a e ra  p u lc h ra  Lohmann 1902.
A ssem blage n o . 6759 ; S .E .M ., h y p o ty p e , s i d e  v iew  w ith  
p ro x im a l s h i e l d  to  r i g h t ,  p r e s e r v a t io n  v a lu e  = 1. 
S y ra c o s p h a e ra  p u lc h ra  Lohmann 1902.
A ssem blage n o . 6769; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 2.
S y ra c o s p h a e ra  p u lc h ra  Lohmann 1902.
A ssem blage n o . 6770 ; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t i o n  v a lu e  = 4 .
S y ra c o s p h a e ra  p u lc h ra  Lohmann 1902.
A ssem blage n o . 6767; S .E .M ., h y p o ty p e , s i d e  v iew  w ith  
p ro x im a l s h i e l d  to  r i g h t ,  p r e s e r v a t io n  v a lu e  = 1. 
S y ra c o sp h a e ra  p u lc h ra  Lohmann 1902.
A ssem blage n o . 6784; T .E .M ., h y p o ty p e , s i d e  v iew  w ith  
d i s t a l  s p i r e  to  l e f t ,  p r e s e r v a t i o n  v a lu e  = 2.
S y ra c o s p h a e ra  p u lc h ra  Lohmann 1902.
Assemblage no. 6763; T.E.M., hypotype, proximal side view,
preservation value = 2.
Figure 8. Syracosphaera pulchra Lohmann 1902.
A ssem blage n o . 6769; T .E .M ., h y p o ty p e , p ro x im a l s id e  v iew  
p r e s e r v a t io n  v a lu e  = 3 .
F ig u re  9 . S y ra c o sp h a e ra  p u lc h ra  Lohmann 1902.
A ssem blage n o . 6788; T .E .M ., h y p o ty p e , p ro x im a l s id e  v iew  
p r e s e r v a t io n  v a lu e  = 2.
F ig u re  10. S y ra c o sp h a e ra  l a c t a r i a  (L e c a l)  L o e b l ic h  e t  Tappan 1968. 
A ssem blage n o . 6758; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
F ig u re  11. S y ra c o sp h a e ra  l a c t a r i a  (L e c a l)  L o e b lic h  e t  T appan 1968. 
A ssem blage n o . 6786; S .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
F ig u re  12. S y ra c o sp h a e ra  m o l i s c h i i  S c h i l l e r  1925.
A ssem blage n o . 6769; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 3.
F ig u re  13. S y ra c o sp h a e ra  m o l is c h i  S c h i l l e r  1925.
A ssem blage n o . 6769; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 3 .
F ig u re  14. S y ra c o sp h a e ra  n an a  (K am ptner) nov . comb.
A ssem blage no . 6769; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
F ig u re  15. S y ra c o sp h a e ra  o s s a  (L e c a l)  L o e b lic h  e t  T appan 1968.
A ssem blage n o . 6739; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
F ig u re  16. S y ra c o sp h a e ra  o s s a  (L e c a l)  L o e b lic h  e t  Tappan 1968.
Assemblage no. 6758; T.E.M., hypotype, proximal view,
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Figure 7.
EXPLANATION OF PLATE 10
(all figures magnified 10,000X)
SYRACOSPHAERACEAE
. S y ra c o s p h a e ra  r i b o s a  (K am ptner) B o r s e t t l  e t  C a t i  1972. 
A ssem blage n o . 6751; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t i o n  v a lu e  = 2 .
. S y ra c o s p h a e ra  r i b o s a  (K am ptner) B o r s e t t i  e t  C a t i  1972. 
A ssem blage n o . 6765; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 3 .
. S y ra c o s p h a e ra  r i b o s a  (K am ptner) B o r s e t t i  e t  C a t i  1972. 
A ssem blage n o . 6759; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t i o n  v a lu e  = 2 .
. S y ra c o s p h a e ra  r i b o s a  (K am ptner) B o r s e t t i  e t  C a t i  1972. 
A ssem blage n o . 6778; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t i o n  v a lu e  => 1 ,
■ S y ra c o s p h a e ra  r i b o s a  (K am ptner) B o r s e t t i  e t  C a t i  1972. 
A ssem blage n o . 6739; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t i o n  v a lu e  = 1.
S y ra c o s p h a e ra  r i b o s a  (K am ptner) B o r s e t t i  e t  C a t i  1972. 
A ssem blage n o . 6775; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t i o n  v a lu e  = 1.
S y ra c o s p h a e ra  t u b e r c u l a t a  K am ptner 1937.
Assemblage no. 6757; T.E.M., hypotype, distal view,
preservation value = 1.
Figure 8. Syracosphaera tuberculata Kamptner 1937.
A ssem blage n o . 6776; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  ■ 2 .
F ig u re  9 . S y ra c o s p h a e ra  t u b e r c u l a t a  K am ptner 1937.
A ssem blage n o . 6742; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 3 .
F ig u re  10 . S y ra c o s p h a e ra  v a r i a b i l i s  ( H a l ld a l  e t  M a rk a li)  n o v . comb.
A ssem blage n o . 6751; T .E .M ,, h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
F ig u re  11. S y ra c o s p h a e ra  s p .  "A"
A ssem blage n o . 6738; T .E .M ., p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
F ig u re  12. S y ra c o sp h a e ra  s p .  "B"
A ssem blage n o . 6769; T .E .M ., p ro x im a l v ie w , 
p r e s e r v a t i o n  v a lu e  = 1.
F ig u re  13. S y ra c o s p h a e ra  v a r i a b i l i s  ( H a l ld a l  e t  M a rk a li)  n o v . comb.
A ssem blage n o . 6739; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
F ig u re  14. S y ra c o s p h a e ra  v a r i a b i l i s  ( H a l ld a l  e t  M a rk a li )  n o v . comb. 
A ssem blage n o . 6751; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t i o n  v a lu e  = 1.
F ig u re  15. S y ra c o s p h a e ra  s p .  "C"
A ssem blage n o . 6742; T .E .M ., p ro x im a l v ie w , p r e s e r v a t io n  
v a lu e  = 3 .
F ig u re  16. S y ra c o s p h a e ra  s p .  "D"
Assemblage no. 6768; T.E.M., proximal view, preservation
value = 1.
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F ig u re  17. A c a n th o ic a  o u a t t r o s p in a  Lohmann 1903.
A ssem blage n o . 6786; T .E .M ., h y p o ty p e , s i d e  v ie w  o f  
f l a g e l l a r  s p in e ,  p r e s e r v a t io n  v a lu e  ■ 1 .
F ig u re  18. C r e ta d is c u s  s p .
A ssem blage n o . 6765; T .E .M ., d i s t a l  v iew  o f  b ro k e n  sp e c im e n , 
p r e s e r v a t io n  v a lu e  = 5 .
PLATE 10 
s y r a c o s r h a e r a c e a e
EXPLANATION OF PLATE 11
(all figures magnified 10,000X)
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Figure 6.
SYRACOSPHAERACEAE
U m b e llo sp h ae ra  t e n u i s  (K am ptner) P a a sc h e  1955. 
A ssem blage n o . 6764; T .E .M ., h y p o ty p e , d i s t a l  v iew  o f  
m a c r o c o c c o l i th ,  p r e s e r v a t io n  v a lu e  = 3 .
U m b e llo sp h ae ra  t e n u i s  (K am ptner) P a a sc h e  1955. 
A ssem blage n o . 6764; T .E .M ,, h y p o ty p e , d i s t a l  v iew  o f  
m a c ro c o c c o l i th ,  p r e s e r v a t io n  v a lu e  = 1.
U m b ello sp h ae ra  t e n u i s  (K am ptner) P a a sc h e  1955. 
A ssem blage n o . 6769; S .E .M ., h y p o ty p e , d i s t a l  v iew  o f  
m a c r o c o c c o l i th ,  p r e s e r v a t io n  v a lu e  = 1 .
U m b ello sp h ae ra  te n u i s  (K am ptner) P a a sc h e  1955. 
A ssem blage n o . 6739 ; T .E .M ., h y p o ty p e , d i s t a l  v iew  o f  
f ra g m e n t o f  m a c ro c o c c o l i th ,  p r e s e r v a t io n  v a lu e  = 5 . 
U m b e llo sp h ae ra  t e n u i s  (K am ptner) P a a sc h e  1955.
“  ( D is c o a s te r  m u rra y i B la ck  e t  B a rn es  1961)
A ssem blage n o . 6767; T .E .M ., h y p o ty p e , d i s t a l  v iew  o f  
m ic r o c o c c o l i th ,  p r e s e r v a t io n  v a lu e  *» 2 .
U m b e llo sp h ae ra  t e n u i s  (K am ptner) P a a sc h e  1955.
= ( D is c o a s te r  m u rra y i B lack  e t  B arnes  1961)
A ssem blage n o . 6740; T .E .M ., h y p o ty p e , p ro x im a l v iew  o f  
m ic r o c o c c o l i th ,  p r e s e r v a t io n  v a lu e  = 1 .
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• Umbellosphaera irregularis Paaache 1955.
A ssem blage n o . 6769; S .E .M ., h y p o ty p e , d i s t a l  v iew  o f  
m a c ro c o c c o l i th ,  p r e s e r v a t io n  v a lu e  = 2 .
U m b ello sp h ae ra  i r r e g u l a r i s  P a a sc h e  1955.
A ssem blage n o . 6769; S .E .M ., h y p o ty p e , p ro x im a l v iew  o f  
m a c ro c o c c o l i th ,  p r e s e r v a t io n  v a lu e  = 2 .
U m b e llo sp h ae ra  i r r e g u l a r i s  P a a sc h e  1955.
A ssem blage n o . 6759 ; T .E .M ., h y p o ty p e , s i d e  v ie w  o f  
m a c ro c o c c o l i th  w ith  p ro x im a l s h i e l d  a t  b o tto m  
p r e s e r v a t io n  v a lu e  « 1 .
. U m b e llo sp h ae ra  i r r e g u l a r i s  P a a sc h e  1955.
A ssem blage n o . 6776; T .E .M ., h y p o ty p e , s i d e  v iew  o f  
m a c ro c o c c o l i th  w ith  p ro x im a l s h i e l d  a t  b o tto m , 
p r e s e r v a t io n  v a lu e  = 1.
. U m b e llo sp h ae ra  i r r e g u l a r i s  P a a sc h e  1955.
A ssem blage n o . 6769; T .E .M ., h y p o ty p e , s i d e  v iew  o f  fra g m e n t 
o f  m a c ro c o c c o l i th  w i th  p ro x im a l s h i e l d  a t  b o tto m , p r e s e r v a ­
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F ig u re  7
EXPLANATION OF PLATE 12
figures magnified 10,000X unless otherwise noted)
SYRACOSPHAERACEAE
U m b e llo sp h ae ra  i r r e g u l a r i s  P a a sc h e  1955.
A ssem blage n o . 6763 ; T .E .M ., h y p o ty p e , p ro x im a l v iew  o f  
m a c ro c o c c o l i th ,  p r e s e r v a t io n  v a lu e  = 2 .
:. U m b e llo sp h ae ra  i r r e g u l a r i s  P a a sc h e  1955.
A ssem blage n o . 6769 ; T .E .M ., h y p o ty p e , p ro x im a l v iew  o f  
m a c ro c o c c o l i th ,  p r e s e r v a t io n  v a lu e  = 2 .
. U m b e llo sp h ae ra  i r r e g u l a r i s  P a a sc h e  1955.
A ssem blage n o . 6769; T .E .M ., h y p o ty p e , d i s t a l  v iew  o f  
m a c ro c o c c o l i th ,  p r e s e r v a t io n  v a lu e  = 1.
HELICOPONTOSPHAERACEAE
. H e lic o p o n to s p h a e ra  k a m p tn e r i Hay e t  M ohler 1967. 
A ssem blage n o . 6766 ; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
. H e lic o p o n to s p h a e ra  k a m p tn e r i Hay e t  M ohler 1967.
A ssem blage n o . 6766; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
. H e l ic o p o n to s p h a e ra  k a m p tn e r i Hay e t  M ohler 1967. 
A ssem blage n o . 6789; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2.
. H e lic o p o n to s p h a e ra  k a m p tn e r i Hay e t  M ohler 1967.
Assemblage no. 6765; T.E.M., hypotype, proximal view,
preservation value *= 2.
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Figure 8. Helicopontosphaera kamptneri Hay et Mohler 1967.
A ssem blage n o . 6768; T .E .M ,, h y p o ty p e , p ro x im a l v ie w ,
5 ,000X , p r e s e r v a t io n  v a lu e  = 1 .
F ig u re  9 .  H e lic o p o n to s p h a e ra  k a m p tn e r i  Hay e t  M ohler 1967.
A ssem blage n o . 6765; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 5 ,000X , 
p r e s e r v a t io n  v a lu e  ** 1.
PLATE 12
SY R A C O SPH A ER A C EA E
HELICOPONTOSPHAERACEAE
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Figure 7
EXPLANATION OF PLATE 13
figures magnified 10,000X unless otherwise noted)
HELICOPONTO SPHAERACEAE
H e lic o p o n to s p h a e ra  k a m p tn e r i  Hay e t  M ohler 1967,
A ssem blage n o . 6769 ; S .E .M ., h y p o ty p e , p ro x im a l s i d e  v iew  
o f  sp ec im en  r e s t i n g  on T h o ra c o sp h a e ra  h e im i i  (Lohmann) 
K am ptner 1941, 5 ,0 0 0 X , p r e s e r v a t io n  v a lu e  -  1. 
H e lic o p o n to s p h a e ra  h y a l ln a  (G a a rd e r)  Haq 1973.
A ssem blage n o . 6788; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t i o n  v a lu e  = 2 .
H e lic o p o n to s p h a e ra  h y a l in a  (G a a rd e r)  Haq 1973.
A ssem blage n o . 6767; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t i o n  v a lu e  = 1.
H e lic o p o n to s p h a e ra  s e l l i  Bukry e t  B ra m le tte  1969.
A ssem blage n o . 6765; T .E .M ., h y p o ty p e , d i s t a l  v iew , 
p r e s e r v a t io n  v a lu e  = 1.
H e lic o p o n to s p h a e ra  w a l l i c h i  (Lohmann) B oudreaux  e t  Hay 1969. 
A ssem blage n o . 6788; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t i o n  v a lu e  = 1.
H e lic o p o n to s p h a e ra  w a l l i c h i  (Lohmann) B oudreaux e t  Hay 1969. 
A ssem blage n o . 6738; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t i o n  v a lu e  = 3 .
H e lic o p o n to s p h a e ra  w a l l i c h i  (Lohmann) B oudreaux  e t  Hay 1969. 
A ssem blage n o . 6769; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 5 ,000X , 
p r e s e r v a t io n  v a lu e  = 1.
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F ig u re  8 H e lic o p o n to s p h a e ra  w a l l i c h i  (Lohmann) B oudreaux e t  Hay 1969. 
A ssem blage n o . 6765 ; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 




EXPLANATION OF PLATE 14
(all figures magnified 10,000X unless otherwise noted)
PONTOSPHAERACEAE
F ig u re  1
F ig u re  2
F ig u re  3
F ig u re  4
F ig u re  5
F ig u re  6
Figure 7.
P o n to s p h a e ra  a lb o r a n e n s i s  B a r t o l i n i  1970.
A ssem blage n o . 6761; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
P o n to s p h a e ra  a lb o r a n e n s i s  B a r t o l i n i  1970.
A ssem blage n o . 6769; S .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
P o n to sp h a e ra  a lb o r a n e n s i s  B a r t o l i n i  1970.
A ssem blage n o . 6765 ; T .E .M ., h y p o ty p e , d i s t a l  i n t e r i o r  
and p ro x im a l s i d e  v ie w , 5 ,000X , p r e s e r v a t io n  v a lu e  = 2. 
P o n to s p h a e ra  a lb o r a n e n s i s  B a r t o l i n i  1970.
A ssem blage n o . 6747; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
5 ,000X , p r e s e r v a t io n  v a lu e  = 2.
P o n to s p h a e ra  d is c o p o ra  S c h i l l e r  1925.
A ssem blage n o . 6769; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
5 ,000X , p r e s e r v a t io n  v a lu e  = 3 .
P o n to s p h a e ra  d is c o p o r a  S c h i l l e r  1925.
A ssem blage n o . 6787; T .E .M ., h y p o ty p e , p ro x im a l s id e  
v ie w , 5 ,000X , p r e s e r v a t io n  v a lu e  = 2 .
P o n to s p h a e ra  ja p o n ic a  (Takayam a) B urns 1973.
A ssem blage n o , 6775; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
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Figure 8. Pontosphaera japonica (Takayama) Burnes 1973.
A ssem blage n o , 6786; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
F ig u re  9 . P o n to s p h a e ra  ja p o n ic a  (Takayam a) B urns 1973.
A ssem blage n o . 6769; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
F ig u re  10 . P o n to s p h a e ra  ja p o n ic a  (Takayam a) B urns 1973.
A ssem blage n o . 6759; S .E .M ., h y p o ty p e , p ro x im a l v iew , 
p r e s e r v a t io n  v a lu e  = 1.
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Figure 7.
EXPLANATION OF PLATE 15
figures magnified 10t000X unless otherwise noted)
PONTOSPHAERACEAE
P o n to s p h a e ra  m u l t ip o r a  (K am ptner) R oth  1970.
A ssem blage n o . 6751 ; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  =■ 1.
P o n to s p h a e ra  m u l t ip o r a  (K am ptner) R oth  1970.
A ssem blage n o . 6763; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t i o n  v a lu e  = 1.
P o n to s p h a e ra  m u l t ip o r a  (K am ptner) R o th  1970.
A ssem blage n o . 6788; S .E .M ,, h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
P o n to s p h a e ra  m u l t ip o r a  (K am ptner) R oth  1970.
A ssem blage n o . 6750; T .E .M ., h y p o ty p e , p ro x im a l v iew  
o f  b ro k e n  sp e c im e n , p r e s e r v a t i o n  v a lu e  = 5 .
P o n to s p h a e ra  p a c i f i c a  B urns 1973.
A ssem blage n o . 6739 ; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t i o n  v a lu e  = 1 .
S c y p h o sp h ae ra  p u lc h e r r im a  D e f la n d re  1942.
A ssem blage n o . 6759; T .E .M ., h y p o ty p e , d i s t a l  s i d e  v ie w , 
p r e s e r v a t i o n  v a lu e  = 1.
S cy p h o sp h ae ra  a p s t e i n i l  Lohmann 1902.
Assemblage no. 6763; T.E.M., hypotype, proximal view,
preservation value = 2.
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F ig u re  8 . S cy p h o sp h aera  a p s t e i n i i  Lohmann 1902.
A ssem blage n o . 6751 ; T .E .M ., h y p o ty p e , d i s t a l  s i d e  v ie w , 
p r e s e r v a t io n  v a lu e  « 5.
F ig u re  9 . S c y p h o sp h ae ra  a p s t e i n i i  Lohmann 1902.
A ssem blage n o . 6774; S .E .M ., h y p o ty p e , d i s t a l  v ie w , 
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Figure 7
EXPLANATION OF PLATE 16
( a l l  f i g u r e s  m a g n if ie d  10,OOOX)
CALCIOSOLENIACEAE
A n o p lo s o le n ia  b r a s i l i e n s i s  (Lohmann) D e f la n d re  1952. 
A ssem blage n o . 6751; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t i o n  v a lu e  = 1.
A n o p lo s o le n ia  b r a s i l i e n s i s  (Lohmann) D e f la n d re  1952. 
A ssem blage n o . 6790; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t i o n  v a lu e  « 1.
A n o p lo s o le n ia  b r a s i l i e n s i s  (Lohmann) D e f la n d re  1952. 
A ssem blage n o . 6759; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t i o n  v a lu e  = 2.
A n o p lo s o le n ia  b r a s i l i e n s i s  (Lohmann) D e f la n d re  1952. 
A ssem blage n o . 6769; T .E .M ., h y p o ty p e , d i s t a l  v iew  o f 
b ro k e n  sp ec im en , p r e s e r v a t io n  v a lu e  = 5 .
A n o p lo s o le n ia  b r a s i l i e n s i s  (Lohmann) D e f la n d re  1952. 
A ssem blage n o . 6738; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
A n o p lo s o le n ia  b r a s i l i e n s i s  (Lohmann) D e f la n d re  1952. 
A ssem blage n o . 6786; S .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t i o n  v a lu e  = 1.
S c a p h o l i th u s  f o s s i l i s  D e f la n d re  1954.
Assemblage no. 6769; T.E.M., hypotype, side view of split
specimen, preservation value = 5.
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Figure 8. Scaphollthus fossllls Deflandre 1954.
A ssem blage n o . 6765; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  =■ 1.
F ig u re  9 . S c a p h o l l th u s  f o s s i l i s  D e f la n d re  1954.
A ssem blage no . 6769; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
F ig u re  10 . S c a p h o l l th u s  f o s s i l i s  D e f la n d re  1954.
A ssem blage n o . 6769; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
F ig u re  11. S c a p h o l l th u s  f o s s i l i s  D e f la n d re  1954.
A ssem blage n o . 6782; T .E .M ., h y p o ty p e , s id e  v ie w , 
p r e s e r v a t io n  v a lu e  =* 2 .
PODORHABDACEAE
F ig u re  12. C re ta rh a b d u s  s p .
A ssem blage n o . 6765; T .E .M ., p la n  v ie w , p r e s e r v a t io n  
v a lu e  = 5 .
F ig u re  13. C r ib r o s p h a e r e l l a  s p .
A ssem blage n o . 6788; T .E .M ., p la n  v ie w , p r e s e r v a t io n  
v a lu e  = 5 .
PREDISCOSPHAERACEAE
F ig u re  14. P r e d is c o s p h a e r a  c r e t a c e a  (A rk h an g e lsk y ) G a r tn e r  1969.
Assemblage no. 6779; T.E.M., hypotype, distal view,
preservation value * 3.
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F ig u re  15 . P r e d is c o s p h a e r a  c r e t a c e a  (A rk h a n g e lsk y ) G a r tn e r  1969.
A ssem blage n o . 6765; T .E .M ., h y p o ty p e , s i d e  v iew  o f  s tem  
o n ly ,  p r e s e r v a t i o n  v a lu e  = 5 .
F ig u re  16. P r e d is c o s p h a e r a  s p in o s a  (B ra m le t te  e t  M a r t in i )  G a r tn e r  1969. 
A ssem blage n o . 6776; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  * 3 .
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Figure 7.
EXPLANATION OF PLATE 17
figures magnified lO.OOOX unless otherwise noted)
CALYPTROSPHAERACEAE
C a ly p tro s p h a e ra  c a t i l l i f e r a  (K am ptner) G a a rd e r 1962. 
A ssem blage n o . 6759; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
C a ly p tro s p h a e ra  o b lo n g a  Lohmann 1902.
A ssem blage n o . 6768; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
A n th o sp h a e ra  q u a t r i c o r n u  ( S c h i l l e r )  H a l ld a l  e t  M a rk a li  1955. 
A ssem blage n o . 6738 ; T .E .M ., h y p o ty p e , d i s t a l  s id e  v ie w , 
p r e s e r v a t io n  v a lu e  = 4 .
C o r is p h a e ra  g r a c i l i s  K am ptner 1937.
A ssem blage n o . 6759; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2.
C o r is p h a e ra  g r a c i l i s  K am ptner 1937.
A ssem blage n o , 6759 ; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 4 .
C o r is p h a e ra  g r a c i l i s  K am ptner 1937.
A ssem blage n o . 6759; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2.
H o lo d is c o l i th u s  m acro p o ru s  (D e f la n d re )  R oth 1970.
Assemblage no. 6769; T.E.M., hypotype, distal view,
preservation value - 2.
Figure 8. Holodiscollthus macroporus (Deflandre) Roth 1970.
A ssem blage n o . 6751; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
F ig u re  9 . H o lo d is c o l l th u s  m acro p o ru s  (D e f la n d re )  R o th  1970.
A ssem blage n o . 6740; S .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 1 .
F ig u re  10 . H o lo d is c o l l th u s  m acro p o ru s  (D e f la n d re )  R oth  1970.
A ssem blage n o . 6769; S .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
F ig u re  11 . H o lo d is c o l l th u s  m acro p o ru s  (D e f la n d re )  R oth  1970.
A ssem blage n o . 6740; S .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
F ig u r e  12. H om ozygosphaera d a lm a tic a  (K am ptner) no v . comb.
A ssem blage n o . 6745; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 3.
F ig u re  13. H om ozygosphaera d a lm a tic a  (K am ptner) no v . comb.
A ssem blage n o . 6745; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
F ig u re  14 . H om ozygosphaera d a lm a tic a  (K am ptner) n o v , comb.
A ssem blage n o . 6769; S .E .M ., h y p o ty p e , d i s t a l  v ie w , 20 .000X , 
p r e s e r v a t io n  v a lu e  1.
F ig u re  15 . H om ozygosphaera d a lm a t ic a  (K am ptner) n ov . comb.
A ssem blage n o . 6770; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2.
F ig u re  16. H om ozygosphaera d a lm a t ic a  (K am ptner) no v . comb.
Assemblage no. 6758; T.E.M., hypotype, distal side view,
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Figure 6
EXPLANATION OF PLATE 18
(all figures magnified 5,000X)
CERATOLITHACEAE
C e r a t o l i t h u s  c r i s t a t u s  K am ptner 1950.
A ssem blage n o . 6788; S .E .M ., h y p o ty p e , p la n  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
C e r a t o l i t h u s  c r i s t a t u s  K am ptner 1950.
A ssem blage n o . 6788; T .E .M ., h y p o ty p e , p la n  v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
C e r a t o l i t h u s  c r i s t a t u s  K am ptner 1950.
A ssem blage n o . 6763; T .E .M ., h y p o ty p e , s id e  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
C e r a t o l i t h u s  c r i s t a t u s  K am ptner 1950,
A ssem blage n o . 6745; S .E .M ., h y p o ty p e , p la n  v ie w , 
p r e s e r v a t io n  v a lu e  -  2 .
DISCOASTERACEAE
D is c o a s te r  p e n ta r a d ia t u s  Tan S in  Hok 1927 ex B ra m le tte  
e t  R ie d e l  1954.
A ssem blage n o . 6745; T .E .M ., h y p o ty p e , p la n  v ie w , 
p r e s e r v a t io n  v a lu e  = 3 .
D is c o a s te r  c a l c a r i s  G a r tn e r  1967,
Assemblage no. 6745; T.E.M., hypotype, plan view,
preservation value = 3.
Figure 7 D is c o a 8 te r  c h a l l e n g e r !  B ra m le tte  e t  R ie d e l  1954 . 
A ssem blage n o . 6754; S .E .M ., h y p o ty p e , p la n  v ie w , 
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Figure 7
EXPLANATION OF PLATE 19
(all figures magnified 10,000X)
HALOPAPPACEAE
H alopappus s p .  "A"
A ssem blage n o . 6769; T .E .M ., s id e  v ie w , p r e s e r v a t io n  
v a lu e  = 4 .
H alopappus s p .  "A"
A ssem blage n o . 6751; T .E .M ., s i d e  v ie w , p r e s e r v a t io n  
v a lu e  = 5 .
H alopappus s p .  "B"
A ssem blage n o . 6769; T .E .M ., s i d e  v ie w , p r e s e r v a t io n  
v a lu e  = 4 .
H alopappus s p .  11B"
A ssem blage n o . 6769; T .E .M ., s i d e  v ie w , p r e s e r v a t io n  
v a lu e  = 5 .
H alopappus s p .  "B"
A ssem blage n o . 6769 ; T .E .M ., s i d e  v ie w , p r e s e r v a t io n  
v a lu e  = 5 .
H alopappus s p .  "B"
A ssem blage n o . 6769; T .E .M ., s id e  v ie w , p r e s e r v a t io n  
v a lu e  = 5 .
00LITHOTACEAE
O o l i th o tu s  a n t i l l a r u m  (Cohen) R e in h a rd t  1968. 
A ssem blage n o . 6739; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t i o n  v a lu e  *  2 .
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Figure 8. Oolithotus antiliarurn (Cohen) Reinhardt 1968.
A ssem blage n o . 6765; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
F ig u re  9 . O o l i th o tu s  a n t i l l a r u m  (Cohen) R e in h a rd t  1968.
A ssem blage no . 6774 ; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
F ig u re  10. O o l i th o tu s  a n t i l l a r u m  (Cohen) R e in h a rd t  1968.
A ssem blage n o . 6738; T .E .M ., h y p o ty p e , p ro x im a l v iew , 
p r e s e r v a t io n  v a lu e  = 2 .
F ig u re  11. O o l i th o tu s  a n t i l l a r u m  (Cohen) R e in h a rd t  1968.
A ssem blage n o . 6788; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
F ig u re  12. O o l i th o tu s  a n t i l l a r u m  (Cohen) R e in h a rd t  1968.
A ssem blage n o . 6745; T .E .M ., h y p o ty p e , p ro x im a l v ie w , 





EXPLANATION OF PLATE 20
(all figures magnified 10,OOOX)
F ig u re  1
F ig u re  2
F ig u re  3
F ig u re  4
Figure 5
OOLITHOTACEAE
O rth am b o d lscu s  p e rp le x u s  (B ra m le tte  e t  R ie d e l)  
G a r tn e r  ( i n  p r e s s ) .
A ssem blage n o . 6742; T .E .M ., h y p o ty p e , p ro x im a l v iew  
p r e s e r v a t io n  v a lu e  = 2 .
O rth am b o d iscu s  p e rp le x u s  (B ra m le tte  e t  R ie d e l)  
G a r tn e r  ( i n  p r e s s ) .
A ssem blage n o . 6789; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 1.
O rth am b o d iscu s  p e rp le x u s  (B ra m le t te  e t  R ie d e l)  
G a r tn e r  ( i n  p r e s s ) .
A ssem blage n o . 6784; T .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
O rth am b o d iscu s  p e rp le x u s  (B ra m le tte  e t  R ie d e l)  
G a r tn e r  ( i n  p r e s s ) .
A ssem blage n o . 6768; T .E .M ., h y p o ty p e , p ro x im a l v iew  
p r e s e r v a t io n  v a lu e  = 4 .
O rth am b o d iscu s  p e rp le x u s  (B ra m le tte  e t  R ie d e l)  
G a r tn e r  ( i n  p r e s s ) .
Assemblage no. 6751; T.E.M., hypotype, proximal view
preservation value = 2.
SPHENOLITHACEAE
Figure 6. Sphenolithus abies Deflandre 1954.
A ssem blage n o . 6769; S .E .M ., h y p o ty p e , d i s t a l  v ie w , 
p r e s e r v a t io n  v a lu e  = 2 .
F ig u re  7 . " S p h e n o l i th  f r a g m e n t ."
A ssem blage n o . 6756; T .E .M ., s id e  v ie w , p r e s e r v a t io n  
v a lu e  = 5 .
F ig u re  8 . " S p h e n o li th  f r a g m e n t ."
A ssem blage n o . 6765; T .E .M ., s i d e  v ie w , p r e s e r v a t io n  
v a lu e  = 5.
F ig u re  9 . " S p h e n o l i th  f r a g m e n t ."
A ssem blage n o . 6769; S .E .M ., s i d e  v ie w , p r e s e r v a t io n  
v a lu e  = 5 .
F ig u re  10. " S p h e n o l i th  f r a g m e n t ."
A ssem blage n o . 6765; T .E .M ., s i d e  v ie w , p r e s e r v a t io n  
v a lu e  = 5 .
INCERTAE SEDIS
F ig u re  11. M icu la  s ta u r o p h o r a  (G a rd e t)  S t r a d n e r  1963.
A ssem blage n o . 6786; T .E .M ., h y p o ty p e , p la n  v ie w , 





EXPLANATION OF PLATE 21
(all figures magnified 2,500X unless otherwise noted)
F ig u re  1
F ig u re  2
F ig u re  3
F ig u re  4
Figure 5
BULK SEDIMENT
L a rg e  a g g re g a te  o f  s e d im e n ta ry  p a r t i c l e s  show ing random 
o r i e n t a t i o n  o f  v a r io u s  c o c c o l i t h s  w i th  m a tr ix  o f  
m o n tm o r i l l in i t e  and  p a l y g o r s k i t e  ( a t t a p u l g i t e )  c l a y s .  
A ssem blage n o . 6752; S .E .M ., 5 ,000X .
Random sed im e n t s t r e w  show ing c o c c o l i t h ,  d ia to m , 
f o r a m i n i f e r ,  m o llu s c a n  b io g e n ic  com ponent w i th  a d m ix tu re s  
o f  u n i d e n t i f i a b l e  c a l c i t e  p a r t i c l e s  and a  m a tr ix  o f  
p re d o m in a te ly  m o n t m o r i l l in i t e .
A ssem blage n o . 6738; T .E .M ., 10,000X .
D is c r e t e  a g g re g a te  o f  c o c c o l i t h s  en sh ro u d ed  by  p o s s i b l e  
m a tr ix  o f  o rg a n ic  m i c r o f i b r i l s  s u g g e s t in g  a  f a e c a l  p e l l e t  
o r i g i n .  (N ote c o c c o l i t h s  a r e  m o n o s p e c if ic  -  JJ. h u x le y i ) . 
A ssem blage n o . 6770.
A g g re g a te  o f  c la y  m in e r a ls  and c o c c o l i t h s .
M a tr ix  m a te r i a l  I l l i t e - M o n t m o r i l l l n l t e  c l a y s .
A ssem blage n o . 6750.
R u p tu red  TT. h e im i show ing c a v i ty  f i l l i n g  b y  v a r io u s  
w e l l - p r e s e r v e d  c o c c o l i t h s  and c la y s  m in e r a l s .




COCCOLITHS AND RELATED CALCAREOUS 
NANNOFOSSILS FROM SURFICIAL BOTTOM 
SEDIMENTS OF THE GULF OF MEXICO
VOLUME I I
A D i s s e r t a t i o n
S u b m itte d  to  th e  G ra d u a te  F a c u l ty  o f  th e  
L o u is ia n a  S ta t e  U n iv e r s i t y  and 
A g r i c u l t u r a l  and M e c h a n ic a l C o lle g e  
i n  p a r t i a l  f u l f i l l m e n t  o f  th e  
re q u ire m e n ts  f o r  th e  d e g re e  o f 
D o cto r o f  P h ilo so p h y
in
The D ep artm en t o f  G eology
by
R o b e r t W esley P ie r c e  
B .S . in  G eo logy , U n iv e r s i ty  o f  A labam a, 1967 
M .S ., L o u is ia n a  S t a t e  U n iv e r s i ty  and 
A g r i c u l t u r a l  and M e c h a n ic a l C o lle g e ,  1969 
D ecem ber, 1975
APPENDIX A
SYSTEMATICS
The c a lc a r e o u s  n a n n o p la n k to n  g e n e ra  e n c o u n te re d  d u r in g  t h i s  exam i­
n a t io n  o f  s u r f i c i a l  b o tto m  s e d im e n ts  from  th e  G u lf o f  M exico h av e  b een  
o rg a n iz e d  in t o  a h ie r a r c h y  w h ich  i s  e s s e n t i a l l y  b a se d  on m o rp h o lo g ic a l 
s i m i l a r i t i e s  o f  ta x a  r a t h e r  th a n  on any assum ed p h y lo g e n e t ic  r e l a t i o n ­
s h ip s .  Taxonom ic r e v i s i o n s  o f  c a lc a r e o u s  n a n n o p la n k to n  a r e  so  f r e q u e n t  
t h a t  s u p ra g e n e r ic  c l a s s i f i c a t i o n s  become o b s o le t e  i n  a  v e ry  s h o r t  tim e . 
For t h i s  r e a s o n  th e  h ie r a r c h y  a d o p te d  h e r e i n  i s  b a se d  on t h a t  p r e s e n te d  
by L o e b lic h  and T appan (1 9 6 6 , 1968, 1969, 1970a, 1970b, 1971) i n  t h e i r  
s ta n d a r d iz e d  A n n o ta ted  In d ex  and B ib l io g ra p h y  o f  th e  C a lc a re o u s  
N an n o p lan k to n . The s y s te m a t ic  a s s ig n m e n t o f  ta x a  fo llo w s  and i s  
go v ern ed  w here p o s s i b l e  by  th e  I n t e r n a t i o n a l  Code o f  B o ta n ic a l  
N o m encla tu re  a d o p te d  by th e  E le v e n th  I n t e r n a t i o n a l  B o ta n ic a l  C o n g re ss , 
1969.
F o r each  i d e n t i f i e d  ta x o n  a c h r o n o lo g ic a l  l i s t  o f  synonym s, a 
s h o r t  d i s c u s s io n  o f  m o rp h o lo g ic a l ly  d i a g n o s t i c  f e a t u r e s ,  and any 
rem ark s  c o n c e rn in g  i t s  p r e s e r v a t io n  o r  d i s t r i b u t i o n  w i th in  th e  G u lf o f  
M exico i s  g iv e n ,  w h e re v e r  a p p l i c a b l e .  The l i s t  o f  synonyms in c lu d e s  
o n ly  th o s e  r e f e r e n c e s  w h ich  f ig u r e d  s i g n i f i c a n t l y  i n  th e  fo rm a tio n  o f  
th e  s p e c i e s '  v a l i d  name o r ,  w hich  th e  w r i t e r  f e e l s  p ro v id e d  v a l i d  




Subregnum  PROTOBIONTA R o th m ale r 1948 
D e f i n i t i o n . U n i c e l l u l a r  o r  t h a l l a t e  o rg a n ism s  w i th  a  n u c le u s  and 
o f t e n  w ith  c h ro m a to p h o re s .
R em arks. See a l s o  PROTOZOA. Owen 1860, PROTISTA (H aeck e l 1866) 
emend. B a rk le y  1939 = PROTOCTISTA (Hogg 1861) P a sc h e r  1914.
D iv is io  CHRYSOPHYTA P a s c h e r  1914 
D e f i n i t i o n . P la n t s  u n i c e l l u l a r  o r  c o l o n i a l  w ith o u t  c e l l u l a r  
d i f f e r e n t i a t i o n ,  r a r e l y  f i l a m e n to u s .  P ig m en ts  c o n ta in e d  i n  ch ro m ato ­
p h o re s  i n  w hich  y e l lo w  o r  brow n o f t e n  p re d o m in a te s ;  p ig m en ts  a r e  
c h lo r o p h y l l  a ,  1 - c a r o t e n e ,  fu c o x a n th in  and  u s u a l l y  l u t e i n ;  food  s to r a g e  
in  th e  form  o f o i l  o r  l e u c o s i n .  W all r e l a t i v e l y  t h i c k ,  a  p e c t id  o f t e n  
im p re g n a te d  w i th  s i l i c o n  o r  c a lc iu m  c a r b o n a te ;  m o b ile  c e l l s  and swim­
m ing r e p r o d u c t iv e  e le m e n ts  u s u a l ly  b i f l a g e l l a t e .
R em arks. See a l s o  CHROMOPHYTA C h r is te n s e n  1962, and PHAEOPHYTA 
( W e t ts te in  1901) em end. R o th m ale r 1949.
C la s i s  COCCOLITHOPHYCEAE R o th m ale r 1951 
= COCCOLITHOPHORIDAE Lohmann 1902 
D e f i n i t i o n . C h ry so p h y te s  w hich  s e c r e t e  c a lc a r e o u s  c o c c o l i t h s .  
R em arks. I n  th e  sy s tem  o f c l a s s i f i c a t i o n  by C h r is te n s e n  (1962) 
a d o p te d  by P a rk e  and  D ixon  (1 9 6 4 ) , c o c c o l i t h  s e c r e t i n g  ch rom ophy tes 
w ere  g rouped  to g e th e r  in  th e  c l a s s  HAPTOPHYCEAE, s in c e  some o f  them 
p o s s e s s  th e  f l a g e l l a r  a p p a ra tu s  known a s  a  haptonem a and th e  o rg a n ic  
s u r f a c e  s c a l e s  c h a r a c t e r i s t i c  o f  t h a t  c l a s s .  S in c e  many c o c c o l i t h
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s e c r e t i n g  c h ry s o p h y te s  c a n n o t c o n c lu s iv e ly  be  d e m o n s tra te d  t o  have  
hap tonem a th e  w r i t e r  has  a d o p te d  th e  e a r l i e r ,  l e s s  r e s t r i c t i v e  c l a s s  o f  
R o th m a le r (1 9 5 1 ) .
Ordo COCCOLITHALES Rood, Hay e t  B e rn a rd  1971 
D e f i n i t i o n . C o c c o l i th o p h y te s  b e a r in g  c o c c o l i t h s  w i th  a  m a rg in a l  
a r e a  c o n s t r u c t e d  o f  t h r e e  c y c le s  o f  e le m e n ts ;  tw o c y c le s  e x te n d  o u tw ard  
p e r i p h e r a l l y  t o  fo rm  p ro x im a l and  d i s t a l  s h i e l d s ,  c o n n e c te d  by  an  i n t e r ­
m e d ia te  c y c le  fo rm in g  a  tu b e  o r  g i r d l e  ( c o c c o l i t h  r im ) .
R em arks. See a l s o  COCCOLITHOPHORALES S c h i l l e r  1926 and 
CALCOCYTEAE H aeck e l 1894.
S ubordo  COCCOLITHINEAE K am ptner 1928 
em end. B oudreaux e t  Hay 1969 
D e f i n i t i o n . N o n -m o tile  c o c c o l i t h o p h y te s ,  g e n e r a l ly  c h a r a c te r i z e d  
by a  c o m p le te  c o v e r  o f  s tu r d y ,  s o l i d l y  c o n s t r u c te d  c o c c o l i t h s .  In  
p o l a r i z e d  l i g h t  th e  c o c c o l i t h s  show s im p le  i n t e r f e r e n c e  f i g u r e s  f o r  a t  
l e a s t  one s h i e l d .
F a m il ia  COCCOLITHACEAE K am ptner 1928 
emend. Hay e t  M ohler 1967 
D e f i n i t i o n . C o c c o l i th o p h y te s  b e a r in g  p l a c o l i t h s ;  p ro x im a l s h i e l d  
p ro d u c in g  an  i n t e r f e r e n c e  f i g u r e ,  d i s t a l  s h i e l d  d a rk  o r  f a i n t l y  i l l u m i ­
n a te d  i n  two q u a d r a n ts  b e tw een  c ro s s e d  p o l a r i z e r s .
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S u b fa m ilia  COCCOLITHOIDEAE K am ptner 1928 
emend. Hay e t  M ohler 1967 
D e f i n i t i o n . C o c c o l i th o p h y te s  b e a r in g  e l l i p t i c a l  p l a c o l i t h s ;  
i n t e r f e r e n c e  f i g u r e  o f  p ro x im a l s h i e l d  la e v o g y re  i n  d i s t a l  v ie w .
T r ib u s  COCCOLITHEAE K am ptner 1928 
em end. B oudreaux e t  Hay 1969 
D e f i n i t i o n . S h ie ld  e le m e n ts  o f  p l a c o l i t h s  s t r o n g ly  im b r ic a te .
Genus C y c l o l i t h e l l a  L o e b l ic h  e t  T appan 1963 
1825 NON C y c lo l i th u s  K oenig  ( C o e l e n t e r a t a ) .
1948 C y c lo l i th u s  K am ptner. A kad. W iss . W ien. M a th -N a tu r-K l. v o l .  157, 
n o . 1, p . 3 .
1952b C y c lo l i t h u s  K am ptner ex  D e f la n d r e .  i n  P iv e t e a u ,  T r a i t .  P a l e o . ,  
v o l .  1 , p .  465 .
1963 C y c l o l i t h e l l a  L o e b lic h  e t  T appan . P ro c .  B io l .  Soc. W ash ., v o l .
7 6 , p .  192.
Type S p e c ie s :  C y c lo l i th u s  i n f l e x u s  K am ptner ex  D e f la n d re  1952
R em arks. E l l i p t i c a l  to  s u b c i r c u l a r  p l a c o l i t h s  w ith  a l a r g e  
c e n t r a l  o p en in g  w ere  a s s ig n e d  to  t h i s  g en u s .
C y c l o l i t h e l l a  a n n u la  (Cohen) M cIn ty re  e t  Be 1967 
P l a t e  1 , F ig u r e s  1 -4
1964 C o c c o l i t h i t e s  a n n u lu s  Cohen. M ic ro p a le o n to lo g y , v o l .  10 , n o . 2 , 
pp . 2 3 7 -2 3 8 , p i ,  3 , f i g s .  l a - e .
1967 C y c l o l i t h e l l a  a n n u lu s  (Cohen) M cIn ty re  e t  Be*. D eep-Sea R e s . ,  v o l .  
14 , p . 5 6 8 , p i .  5 ,  f i g s .  A-C.
209
1968 C y c l o l i t h e l l a  a n n u la  (Cohen) M c In ty re  e t  Be". Cohen e t  R e in h a rd t ,
N. J b .  G eo l. P a la o n t .  A b h ., v o l .  131 , n o . 3 , p p . 2 9 9 -3 0 0 , p i .  19 ,
f i g s .  2 , 6.
1969 C y c l o l i t h e l l a  a n n u lu s  (Cohen) M c In ty re  e t  Be. M c In ty re , i n  
D egens e t  R o ss: Hot B r in e s  and  R ece n t Heavy M e ta l D e p o s its  i n  
th e  Red S e a , S p r in g e r -V e r la g  P u b . ,  p .  30 2 , p i .  2 , f i g .  B.
1969 C y c l o l i t h e l l a  a n n u la  (Cohen) M c In ty re  e t  Be. B oudreaux e t  Hay,
Rev. E sp . M ic r o p a le o . ,  v o l .  1 , n o . 3 ,  p p . 2 5 7 -2 5 8 , p i .  I ,  f i g s .
1 0 -1 7 .
1971 E m il ia n ia  a n n u la  (Cohen) B ukry. I n i t .  R e p t. D .S .D .P , L eg . 7 , 
v o l .  V I I ,  p t .  2 , p .  1514.
1972 C y c l o l i t h e l l a  a n n u la  (Cohen) M c In ty re  e t  Be. G a r tn e r ,  P a la e o g e o g r .  
P a la e o c l im a to l .  P a l a e o e c o l . ,  v o l .  12 , p p . 17 6 -1 7 7 , p i .  1 , f i g .  6 .
1972 C y c l o l i t h e l l a  a n n u lu s  (Cohen) M c In ty re  e t  Be. B o r s e t t i  e t  C a t i ,
G io r .  G e o l . ,  S e r .  2 ,  v o l .  3 8 , p t .  2 ,  p .  4 0 6 , p i .  5 3 , f i g .  2.
1973 E m il ia n ia  a n n u la  (C ohen) B ukry . B u k ry , I n i t .  R e p t. D .S .D .P . Leg 
16 , v o l .  XVI, p . 678.
R em arks. B u k ry 's  I n t e r p r e t a t i o n  o f  th e  h o lo ty p e  w ould t r a n s f e r
t h i s  s p e c ie s  to  E m il ia n ia  b e c a u se  o f  th e  "I-B eam " shaped  r im  e le m e n ts .
N e i th e r  th e  o r i g i n a l  a u t h o r 's  d e s c r i p t i o n ,  n o r  th e  p r e s e n t  w r i t e r ' s
i n t e r p r e t a t i o n  o f  t h i s  s p e c ie s  m e r i t s  t h i s  t r a n s f e r .
Genus C r i c o l i t h u s  K am ptner 1958
1958 C r i c o l i t h u s  K am ptner. A rch . P r o t i s t e n k . , v o l .  103, p p . 6 9 , 8 0 ,
85.
- 1963 C r i c o l i t h u s  K am ptner. Ann. N a t u r h i s t o r .  Mus. W ien, v o l .  6 6 , p .
162.
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Type Species: Cricolithus multlradiatus (Kamptner) Kamptner 1958.
R em arks. I s o l a t e d  e l l i p t i c a l  r i n g  c o c c o l i t h s  ( C r i c o l i t h s )  w ere  
a s s ig n e d  to  t h i s  g e n u s .
C r i c o l i t h u s  j o n e s i  Cohen 1965 
P l a t e  1 , F ig u re  5 
1965b C r i c o l i t h u s  j o n e s i  Cohen. L e id s c h e  G eo l. M ed ed ., v o l .  3 5 , p p .
1 6 -1 7 , p i .  2 ,  f i g s .  j ,  k ,  p i .  16 , f i g s .  a - c .
1968 C r i c o l i t h u s  . jo n e s i  C ohen. C ohen, N. J b .  G eo l. P a la o n t .  A b h .,
v o l .  131 , n o . 3 ,  p .  299 , t e x t - f i g .  8 ,  p i .  19, f i g s .  1 0 -1 4 .
1973 C r i c o l i t h u s  j o n e s i  Cohen. S achs e t  S k in n e r ,  T u la n e  S tu d . G eo l. 
P a l e o . , v o l .  10 , n o . 3 , p .  156 , p i .  3 , f i g s .  1 4 -1 7 .
R em arks. " C y c lo l i th u s "  a r m i l l a  B la c k  e t  B arn es  1959 i s  s i m i l a r
i n  h a v in g  sm oo th , im b r ic a t e  r im  e le m e n ts ,  b u t  i s  much l a r g e r  i n  s i z e .
S pecim ens p r e s e n te d  by D. N oel (1965) a s  L o x o l i th u s  a r m i l l a  (B la c k  e t  
B a rn e s )  a r e  th e  same s i z e  a s  j o n e s i  Cohen w ith  a  s i m i l a r  r im  e lem en t 
c o u n t b u t  a r e  r e p o r t e d l y  r e s t r i c t e d  t o  th e  J u r a s s i c  o f  A f r i c a .
T r ib u s  GEPHYROCAPSEAE B oudreaux  e t  Hay 1969 
D e f i n i t i o n . S h ie ld  e le m e n ts  o f  p l a c o l i t h s  a r e  n o t  im b r ic a t e .
Genus G ep h y ro cap sa  K am ptner 1943 
1943 G ephyrocapsa  K am ptner. A kad. W iss . W ien. A nz. v o l .  8 0 , p .  45 .
Type S p e c ie s :  G ep h y ro cap sa  o c e a n ic a  K am ptner 1943
R em arks. E l l i p t i c a l  p l a c o l i t h s  w i th  n o n - im b r ic a te  s h i e l d  e l e ­
m e n ts , h a v in g  th e  c e n t r a l  o p e n in g  u s u a l l y  sp an n ed  by a  c r o s s  b r id g e  













G eph y ro cap sa  o c e a n lc a  K am ptner 1943 
P l a t e  1 ,  F ig u r e s  6 -8 ;
P l a t e  2 ,  F ig u re s  1 -7 , 16.
P o n to s p h a e ra  h u x le y i  Lohmann. ( p a r t im ) ,  A rch . P r o t i s t e n k . , v o l .
1 , p . 13 0 , p i .  4 ,  f i g s .  1 -9 .
P o n to s p h a e ra  h u x le y i  Lohmann. ( p a r t i m ) .  S c h i l l e r ,  A rch . P r o t i s t e n k . ,  
v o l .  51 , p p . 8 - 9 ,  t e x t - f i g s .  A-B.
P o n to s p h a e ra  h u x le y i  Lohmann. ( p a r t i m ) , K am ptner, N a tu r h i s t .  Mus.
W ien. A n n ., v o l .  51 , p p . 79 , 9 9 , p i .  2 , f i g .  2 7 , p i .  3 ,  f i g s .
29 -3 0 .
G ephyrocapsa  o c e a n lc a  K am ptner. A nz. A kad. W iss . W ie n ., v o l .  8 0 , 
p . 45 .
G ephyrocapsa  o c e a n lc a  K am ptner. L e c a l - S c h la u d e r , Ann. I n s t i t .
O c e a n g r . , v o l .  2 6 , n o . 3 , p .  326, p i .  11 , f i g s .  6 -7 ,  14.
G ephyrocapsa  o c e a n lc a  K am ptner. D e f la n d re ,  ir i  D e f la n d re  e t  F e r t ,
Ann. P a l e o n t . ,  v o l .  4 0 , p . 154 , p i .  3 ,  f i g .  7 .
G ephyrocapsa  o c e a n lc a  K am ptner. H a l ld a l  e t  M a rk a l i ,  Avh. N o rsk e . 
V id .-A k ad . O s lo , M a t-N a tu rv . K l. 1955 , n o . 1 , p . 18 , p i .  X X III, 
and XXIV, f i g s .  1 -2 .
G ephyrocapsa  d e n t a t a  H a l ld a l  e t  M a rk a l i .  Avh. N o rsk e . v id .-A k a d .
O s lo , M a f .-N a tu rv . K l. 1955 , n o . 1 , p .  18 , p i .  XXIV, f i g .  3 . 
G ephyrocapsa  o c e a n lc a  K am ptner v a r .  t y p i c a  K am ptner. A rch .
P r o t i s t e n k . ,  v o l .  101, n o . 2 ,  p . 17 9 , p i .  16 , f i g s .  4 -5 .
G ephyrocapsa  g r a c i l l i m a  L e c a l  e t  B erh e im . B u l l .  S o c . H i s t .  N a t.
A fr .  N o rd .,  v o l .  5 1 , p .  290 , p i s .  1 8 -1 9 .
G ephyrocapsa  o c e a n lc a  K am ptner. H a s le ,  N y t t .  Mag. B o t . ,  v o l .  8 , 
p i .  2 , f i g s .  3 -5 .
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1961 G ephyrocapsa  o c e a n lc a  K am ptner. B la c k  e t  B a rn e s , J .  Roy. M ic r .
S o c . ,  v o l .  8 0 , p t .  2 , p . 143 , p i .  2 5 , f i g s .  1 -2 .
1963 G ep hyrocapsa  o c e a n lc a  K am ptner. B la c k , P ro c .  L ln n ean  S o c . ,  S e s s .
174 , p t .  1 , p .  4 4 , p i .  1 , f i g .  4 .
1964 G ephyrocapsa  o c e a n lc a  K am ptner. Cohen, M ic ro p a le o n to lo g y , v o l .  
10, p . 240 , p i .  3 , f i g s .  3 a - e ,  p i .  4 , f i g s .  3 a -b .
1966 G ephyrocapsa  o c e a n lc a  K am ptner. H ay, G eo tim es , M ay-June , p .  21 .
1967 G ephyrocapsa  o c e a n lc a  K am ptner. M c In ty re  e t  B e, D eep-Sea R e s . ,
v o l .  14, p . 570 , p i .  9 , f i g s .  A-B.
1967 G ephyrocapsa  o c e a n lc a  K am ptner. Takayam a, J b .  G eo l. B .A .,  v o l .
110 , p p . 1 9 1 -1 9 2 , p i .  1 , f i g .  8 .
1967 G ephyrocapsa  o c e a n lc a  K am ptner. Hay, M o h le r , R o th , S ch m id t, e t  
B o u dreaux , T ra n s . G u lf C o a s t A sso c . G eo l. S o c . ,  v o l .  17 , p i s .  
1 2 -1 3 , f i g s .  5 -6 .
1967 G ephyrocapsa  o c e a n lc a  K am ptner, M c In ty re ,  Be e t  P r e i k s t a s ,  iri
M. S e a rs  ( e d . ) ,  P ro g re s s  i n  O cean o g rap h y , Pergam on P r e s s ,
O x fo rd , v o l .  4 ,  p .  12 , p i .  1 , f i g s .  A-B.
1968 G ephyrocapsa  o c e a n lc a  K am ptner. Cohen e t  R e in h a r d t ,  N. J b .
G eo l. P a la o n t ,  A b h ., v o l .  131 , n o . 3 ,  p p . 2 9 3 -2 9 4 , p i .  2 0 , 
f i g .  10 , t e x t - f i g .  3 .
1969 G ephyrocapsa  o c e a n lc a  K am ptner. B oudreaux  e t  H ay, Rev. E sp . 
M ic ro p a le o .,  v o l .  1 , n o . 3 , p p . 25 8 , 2 6 1 -2 6 2 , p i .  1 , f i g s .
1 8 -2 5 , p i .  2 , f i g .  1.
1970 G ephyrocapsa  o c e a n lc a  K am ptner. O kada, B u l l .  G eo l. S o c . J a p a n , 
v o l .  7 6 , p . 5 44 , p i .  1 , f i g .  4 .
1970 G ephyrocapsa  o c e a n lc a  K am ptner. ( p a r t i m ) ,  B a r t o l l n i ,
M ic ro p a le o n to lo g y , v o l .  16 , p p . 136 , 138, 140 , p i .  5 , f i g s .  2 ,
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4-6, 8.
1970 NON G ep h y ro cap sa  o c e a n lc a  K am ptner. B a r t o l i n l ,  M ic ro p a le o n to lo g y  
v o l .  16, p p . 136, 138 , 140, p i .  5 , f i g s .  1 , 3 , 7 .
1971 G eph y ro cap sa  o c e a n lc a  K am ptner. B la c k , i n  F u n n e l l  e t  R ie d e l  
( e d s . ) :  The M ic ro p a le o . o f  O cean s , U n iv . Camb. P r e s s ,  p .  622,
p i .  4 5 .2 ,  f i g .  15.
1971 G ep h y ro cap sa  o c e a n lc a  K am ptner. Haq e t  L ip p s ,  I n i t .  R e p t.
D .S .D .P . Leg 8 , v o l .  V I I I ,  p .  77 8 , p i .  1 , f i g s .  E -F .
1971 G ep h y ro cap sca  o c e a n lc a  K am ptner. M c In ty re  e t  M c In ty re  in  F u n n e l l  
e t  R ie d e l  ( e d s . ) :  The M ic ro p a le o . o f  O cean s , U n iv . Camb. P r e s s ,
p .  258 , p i .  1 6 .2 .
1971 G eph y ro cap sa  o c e a n lc a  K am ptner. M a r t i n i ,  P ro c .  I I  I n t ’ l  P la n k .
C o n f . ,  Rome 1970, v o l .  2 , p .  78 4 , f i g s .  1 8 -1 9 .
1971 G eph y ro cap sa  o c e a n lc a  K am ptner. G a a rd e r  e t  H a s le ,  B u l l .  M ar.
S c l . , v o l .  2 1 , n o . 2 ,  p .  53 3 , f i g s .  6 d - f .
1971 G eph y ro cap sa  o c e a n lc a  K am ptner. C l o c c h i a t t i ,  C .R . A cad. S c i . ,  
v o l .  2 73 , p p . 3 1 8 -3 2 1 , f i g s .  1 -2 .
1971 G ep h y ro cap sa  o c e a n ic a  K am ptner, M a r t in i  e t  W o rs ley , I n i t .  R e p t. 
D .S .D .P . Leg 7 ,  v o l .  V I I ,  p t .  2 , p .  1502 , p i .  1 , f i g .  2.
1971a G ep h y ro cap sa  o c e a n ic a  K am ptner. B ukry , I n i t .  R e p t. D .S .D .P . L eg . 
6 ,  v o l .  V I, p .  9 9 1 , p i .  2 , f i g .  1.
1972 G eph y ro cap sa  o c e a n ic a  K am ptner. "Form  A" G a r tn e r .  P a la e o g e o g r .
P a l a e o c l i m a t o l . P a l a e o e c o l . ,  v o l .  12 , p p . 1 78 -179 , p i .  I I ,  f i g .
1 .
1972 G eph y ro cap sa  o c e a n ic a  K am ptner. "Form  B" G a r tn e r .  P a la e o g e o g r .
P a la e o c l im a to l .  P a l a e o e c o l . ,  v o l .  1 2 , p .  1 7 8 -1 7 9 , p i .  I I ,  f i g .  2 .
1972 G ephyrocapsa  o c e a n ic a  K am ptner. E l l i s ,  Lohman, e t  W ray, Q u a r t .
C o lo rad o  Sch. M in es ,  v o l .  6 7 ,  n o .  3 ,  p p .  1 8 -1 9 ,  p i .  2 ,  f i g s .  4 -5  
1973 G ephyrocapsa  o c e a n ic a  K am ptner. B ukry , I n i t .  R e p t .  D .S .D .P .  Leg
16, v o l .  XVI, p .  679.
1973 G ephyrocapsa  o c e a n ic a  K am ptner. S t r a d n e r ,  I n i t .  R e p t .  D .S .D .P .  
L eg . 13, v o l .  X I I I ,  p t .  2 , p .  1144, p i .  4 ,  f i g s .  1 -5 .
Rem arks. T h i s  s p e c i e s  i s  th o u g h t  t o  b e  e u r y th e r m a l  and i s  th e
s eco n d  m ost a b u n d an t  and  w id e ly  d i s t r i b u t e d  s p e c i e s  i n  t h e  G u lf  o f  
M exico.
G ephyrocapsa  c a r i b b e a n i c a  B oudreaux e t  Hay 1967 
P l a t e  2 ,  F i g u r e  8
1967 G ephyrocapsa  c a r i b b e a n i c a  B oudreaux  e t  Hay. i n  Hay, M o h le r ,  R oth  
S chm id t,  e t  B oudreaux ,  T r a n s .  G u l f ,  C o a s t  A sso c .  G eo l.  S o c . ,  v o l
17, p .  447 , p i s .  1 2 -1 3 ,  f i g s .  1 -4 .
1969 G ephyrocapsa  c a r i b b e a n i c a  B oudreaux  e t  Hay. B oudreaux e t  Hay, 
Rev. E sp .  M i c r o p a l e o . ,  v o l .  1 , n o .  3 ,  p .  262 , p i .  I I ,  f i g s .  2 -9 .
1970 G ephyrocapsa  o c e a n ic a  K am ptner. B a r t o l i n i ,  M ic r o p a le o n to lo g y ,  
v o l .  16, pp . 136, 138, 140, p i .  5 ,  f i g s .  1, 3 ,  7.
1972 G ephyrocapsa  c a r i b b e a n i c a  B oudreaux e t  Hay. E l l i s ,  Lohman, e t
Wray, Q u a r t .  C o lo ra d o  Sch . M in es ,  v o l .  67 , n o .  3 ,  p .  18, p i .  2,
f i g .  3 .
1973 G ephyrocapsa  c a r i b b e a n i c a  B oudreaux e t  Hay. B ukry , I n i t .  R e p t .  
D .S .D .P .  Leg 13, v o l .  X I I I ,  p .  678.
R em arks. A c c o rd in g  to  B oudreaux  e t  Hay (1969) t h i s  s p e c i e s  i s
a n c e s t r a l  t o  G ephyrocapsa  o c e a n lc a  K am ptner and i s  a  P l e i s t o c e n e  b i o -  
s t r a t i g r a p h i c  z o n a l  m a rk e r .  I n  t h i s  s tu d y  i t  i s  c o n s id e r e d  t o  b e  a 
rew orked  member o f  th e  n a n n o f lo r a  from  r e c e n t  G u lf  b o tto m  s e d im e n t s .
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G ephyrocapsa  d o r o n lc o i d e s  (B la ck  e t  B a rn e s )  Bukry 1973
P l a t e  2 ,  F ig u r e  9 
1961 C o c c o l l t h u s  d o r o n lc o i d e s  B la c k  e t  B a rn e s .  J .  Roy. M ic r .  S o c . ,  
v o l .  8 0 ,  p t .  2 ,  p .  142, p i .  2 5 ,  f i g .  3 .
1967 C o c c o l l t h u s  d o r o n lc o i d e s  B la c k  e t  B a rn e s ,  ( p a r t i m ) ,  M c In ty re ,
Be e t  P r e l k s t a s ,  i n  S e a r s :  P r o g r e s s  i n  O ceanog raphy ,  Pergamon
P r e s s ,  O x fo rd ,  v o l .  4 ,  p p .  8 - 9 ,  p i .  2 ,  f i g s .  A-B.
1967 NON C o c c o l l t h u s  d o r o n lc o i d e s  B la c k  e t  B a rn e s .  M c In ty r e ,  Be e t  
P r e l k s t a s ,  i n  S e a r s :  P r o g r e s s  i n  O ceanog raphy , Pergamon P r e s s ,
O x fo rd ,  v o l .  4 ,  p p .  8 - 9 ,  p i .  3 , f i g .  A.
1968 C o c c o l l t h u s  d o r o n l c o i d e s  B la c k  e t  B a rn e s .  Cohen e t  R e i n h a r d t ,
N. J b .  G eo l.  P a l a o n t .  A b h . , v o l .  131, n o .  3 ,  p .  293 , p i .  20 , 
f i g .  4.
1970 C o c c o l l t h u s  d o ro n ic o id e B  B la c k  e t  B a r n e s .  B a r t o l i n i ,  M ic ro ­
p a l e o n t o l o g y ,  v o l .  16, p .  132, p i .  2 ,  f i g .  12.
1971 C o c c o l l t h u s  s p .  Haq e t  L ip p s .  I n i t .  R e p t .  D .S .D .P .  Leg 8 ,  v o l .
V I I I ,  p .  778, p i .  1, f i g s .  C-D.
1973 C o c c o l l t h u s  d o r o n lc o i d e s  B la c k  e t  B a rn e s .  S t r a d n e r ,  I n i t .  R e p t .
D .S .D .P .  Leg 13, v o l .  X I I I ,  p t .  2 ,  p .  1146, p i .  6 ,  f i g s .  2 - 3 .
1973 G ephyrocapsa  d o r o n l c o i d e s  (B la c k  e t  B a rn e s )  B ukry , I n i t .  R e p t .
D .S .D .P . ,  Leg 16, v o l .  XVI, p .  678.
R em arks. A lth o u g h  t h i s  s p e c i e s  l a c k s  a  b r i d g e  s p a n n in g  t h e  cen ­
t r a l  a r e a ,  i f  r im  e le m e n t  s t r u c t u r e  and fo rm  a r e  c o n s id e r e d  p r im a ry  
c h a r a c t e r i s t i c s ,  th e n  G ephyrocapsa  d o r o n i c o l d e s  (B la c k  e t  B a rn es )  Bukry 
sh o u ld  be  c o n s id e r e d  a  p a r t  o f  t h e  G ep h y ro cap sa  l i n e a g e  (B ukry ,  19 7 3 ) .
The b o t to m  se d im e n t  d i s t r i b u t i o n  o f  t h i s  s p e c i e s  i n  t h e  G u lf  o f  Mexico
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I s  v e r y  r a r e  and  b e c a u s e  i t  i s  r e p o r t e d  r e s t r i c t e d  t o  P l i o c e n e  and 
P l e i s t o c e n e  s e c t i o n s ,  i t  c a n  b e  c o n s id e r e d  a p o s s i b l e  rew orked  compo­
n e n t  o f  t h i s  n a n n o f l o r a .
G ephyrocapsa  k a m p tn e r l  D e f la n d r e  e t  F e r t  1954 
P l a t e  2 ,  F ig u r e s  10-14  
1954 G ep h y ro cap sa  k a m p tn e r i  D e f la n d r e  e t  F e r t .  A n n l .  P a l e o n t . ,  v o l .
4 0 ,  p .  155, p i .  V I, f i g .  4 a ,  p i .  V I I I ,  f i g .  4 ,  t e x t - f i g .  13.
1967 G ep h y ro cap sa  e r i c s o n i i  M c In ty re  e t  Be. D eep -S ea  R e s . ,  v o l .  14, 
p .  571 , p i .  10 , p i .  12 , f i g .  B.
1969 G ep h y ro cap sa  e r i c s o n i i  M c In ty re  e t  Be. M c In ty r e ,  i n  Degens e t  
R o s s :  Hot B r in e s  and  R ece n t  Heavy M e ta l  D e p o s i t s  i n  t h e  Red S ea ,
S p r i n g e r - V e r l a g  P u b . ,  p .  302 ,  p i .  2 , f i g .  E.
1970 G ep h y ro cap sa  e r i c s o n i i  M c In ty re  e t  Be. M c I n ty r e ,  D eep-S ea  R e s . ,  
v o l .  17, p .  188, p i .  1 , f i g .  E.
1972 G ep h y ro cap sa  e r i c s o n i i  M c In ty re  e t  Be. G a r t n e r ,  P a la e o g e o g r .
P a l a e o c l i m a t o l .  P a l a e o e c o l . ,  v o l .  12 , p p .  1 7 8 -1 7 9 ,  p i .  I I ,  f i g .
4 .
R em arks. A c o m p a r iso n  o f  t h e  d e s c r i p t i o n s  o f  t h e  ty p e  sp ec im en s  
and t h e i r  p h o to g ra p h s  shows no a p p a r e n t  d i f f e r e n c e s  i n  t h e s e  two 
s p e c i e s .  D e f la n d r e  and F e r t  (1954) g i v e  a v e r a g e  o v e r a l l  d i s t a l  s h i e l d  
l e n g t h  m easu rem en ts  o f  1 t o  1 .2  my, w id th  m easu rem en ts  o f  .8  t o  .9  my, 
and  t h e  d i a m e te r  o f  t h e  c e n t r a l  o p e n in g  a s  .5  my, w h e re a s  M c In ty re  and 
Be (1967) g iv e  t h e  l e n g t h  o f  t h e  d i s t a l  s h i e l d  from  1 .9  my to  2 .2  my. 
T h e r e f o r e  t h e  w r i t e r  c o n s i d e r s  G ephyrocapsa  e r i c s o n i i  M c In ty re  e t  Be* 
to  be  a  j u n i o r  synonym o f  G ep h y ro cap sa  k a m p tn e r i  D e f la n d r e  e t  F e r t .
217
G ephyrocapsa  p r o t o h u x l e y i  M c In ty re  1970 
P l a t e  2 ,  F ig u r e s  15, 17-18 
1964 " U n i d e n t i f i e d  form " Cohen. M ic r o p a le o n to lo g y ,  v o l .  10 , n o .  2 ,  
p i .  4 ,  f i g .  5 .
1969 G ephyrocapsa  p r o t o h u x l e y i  M c In ty re .  I n  Degens e t  R o ss :  Hot
B r in e s  and R ece n t Heavy M e ta l  D e p o s i t s  i n  t h e  Red S e a ,  S p r i n g e r -
V e r la g  P u b . ,  p .  3 02 ,  p i ,  2 , f i g .  F . (nomen nudum ).
1970 G ep h y ro cap sa  p r o t o h u x l e y i  M c In ty r e .  D eep-Sea  R e s . ,  v o l .  17,
p p .  1 88 -189 ,  p i .  1 ,  f i g s .  b ,  d ,  f ,  g .
1971 G ephyrocapsa  p r o t o h u x l e y i  M c In ty r e .  B ukry , I n i t .  R e p t .  D .S .D .P .
Leg 6 , v o l .  V I ,  p .  988 , p i .  1 ,  f i g .  6 .
R em arks. A c co rd in g  t o  M c In ty re  (1970) t h i s  s p e c i e s  may b e  a
p h y l e t i c  l i n k  b e tw ee n  E m i l i a n i a  h u x l e y i  (Lohmann) Hay and M o h le r ,  and 
th e  G ep h y ro cap sa  com plex . I t s  s t r a t i g r a p h i c  r a n g e  and  r e p o r t e d  w ide  
g e o g ra p h ic  d i s t r i b u t i o n  make i t  p o t e n t i a l l y  u s e f u l  a s  a  l a t e  
P l e i s t o c e n e  i n d i c a t o r  f o s s i l .
Genus E m i l i a n i a  Hay e t  M ohler  1967 
1967 E m i l i a n i a  Hay e t  M o h le r .  Hay, M o h le r ,  R o th ,  S ch m id t,  e t
B oudreaux ,  T r a n s .  G u lf  C o a s t  A sso c .  G e o l .  S o c . ,  v o l .  17, p .  447. 
Type S p e c i e s :  E m i l i a n i a  h u x l e y i  (Lohmann) Hay e t  M ohler  1967,
R em arks. P l a c o l i t h s  w h ich  have  a  d i s t a l  s h i e l d  c o n s t r u c t e d  o f  
"I-B eam " shaped  seg m en ts  and  a  p ro x im a l  s h i e l d  c o n s t r u c t e d  o f  " I-B eam " 
o r  p e t a l o i d  e le m e n ts  a r e  a s s ig n e d  t o  t h e  g e n u s .
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E m i l i a n i a  h u x l e y i  (Lohmann) Hay e t  M ohler 1967 
P l a t e  3 ,  F ig u r e s  1-11 
1902 P o n to s p h a e ra  h u x l e y i  Lohmann ( p a r t i m ) .  A rch .  P r o t i s t e n k .  v o l .  1 ,  
pp .  129-130 , p i .  4 ,  f i g s .  1 - 9 ,  p i .  6 ,  f i g .  69 .
1908 P o n to s p h a e r a  h u x l e y i  Lohmann. Lemmermann, Nord. P l a n k t . ,  v o l .  21 , 
p .  XXI33, f i g s .  109-110 .
1913b P o n to s p h a e ra  h u x l e y i  Lohmann. Lohmann, V erh .  D e u ts c h .  Z o o l .  G e s . ,  
v o l .  23 , p .  144, t e x t - f i g .  1 - 1 ,  p .  145, t e x t - f i g s .  2 a ,  2 f .
1925 P o n to s p h a e ra  h u x l e y i  Lohmann. S c h i l l e r ,  A rch .  P r o t i s t e n k . ,  v o l .
5 1 ,  pp . 8 - 9 ,  t e x t - f i g s .  A-B.
1927 P o n to s p h a e ra  h u x l e y i  Lohmann. K am ptner,  A rch .  P r o t i s t e n k .  v o l .
58 , p .  177,
1930 P o n to s p h a e ra  h u x l e y i  Lohmann. S c h i l l e r  jUi R a b e n h o r s t :
K ry p to g a m e n -F lo ra ,  v o l .  10, n o .  2 ,  p .  9 4 ,  f i g .  3 a ;  p .  114, f i g .
2 3 ;  p .  120 , f i g ,  2 9 a - c ;  p p .  1 79 -180 , f i g .  5 9 a -c .
1930 Hymenomonas h u x le y i  (Lohmann) K am ptner. I n t .  Rev. H y d ro b io l .  u .
H y d r o g r . ,  v o l .  24 , p p .  1 5 5 -1 5 6 ,  159 -160 .
1941 P o n to s p h a e r a  h u x l e y i  Lohmann. K am ptner,  N a t u r h i s t .  Mus. W ie n . ,
A n n .,  v o l .  51 , p .  79; p i .  2 ,  f i g .  27 ; p i .  3 ,  f i g s .  2 9 -3 0 ;  p .  99.
1943 C o c c o l l t h u s  h u x le y i  (Lohmann) K am ptner. Anz. Akad. W iss .  Wien,
M a th .-N a tu rw . K l . ,  v o l .  80 , n o .  11, p p .  4 3 -4 9 .
1951 P o to s p h a e r a  h u x l e y i  Lohmann. L e c a l - S c h l a u d e r ,  Ann. I n s t i t .  
O c e a n o g r . , v o l .  26 , no . 3 ,  pp . 2 6 4 -2 6 5 ,  p i .  11 , f i g s .  5 ,  8 - 9 .
1952 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner. B ra a ru d  e t  N o r d l i ,  N a tu r e ,
v o l .  170, no . 4322, p p .  3 6 1 -3 6 2 ,  p i .  a - b .
1952 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner.  K am ptner, M ic ro s k o p ie ,  
v o l .  7 ,  p .  234, f i g s .  7 -9 .
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1952 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner.  B ra a ru d ,  G a a rd e r ,
M a r k a l i  e t  N o r d l i ,  N y t t  Mag. B o t . ,  v o l .  1 ,  p .  129, f i g s .  1 -3 ;  
p i .  1; p i .  2 f - g .
1953a C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner.  D e f la n d r e  e t  F e r t ,  C.R.
Acad. S c i . »  v o l .  236 , p .  329 , f i g .  1.
1953b C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner.  D e f la n d r e  e t  F e r t ,  B u l l .
Soc. H i s t .  N a t .  T o u lo u s e ,  v o l .  8 8 ,  p .  313 , p i .  1, f i g .  6 ;  p i .  2 ,
f i g s .  1 -3 .
1954 C o c c o l i t h u s  f o l i a t u s  K am ptner. A rch .  P r o t i s t e n k ,  v o l .  100, p .
69.
1954 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner. D e f l a n d r e ,  i n  D e f la n d r e  
e t  F e r t ,  Ann. P a l e o n t . ,  v o l .  4 0 ,  p .  151; p i .  I ;  p i .  I I ,  f i g s .  
1 -1 0 ;  p i .  V I I I ,  f i g .  5 .
1954b C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner.  K am ptner,  A rch . 
P r o t i s t e n k . ,  v o l .  100, p p .  6 7 -6 9 .
1954 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner.  B ra a ru d ,  B l y t t i a ,  v o l .  
12, pp . 103-104 ; p i .  1 ,  f i g s .  a - c .
1955 P o n to s p h a e ra  h u x l e y i  Lohmann. G a r d e t ,  P u b l .  S e rv .  C a r t e  G eo l.
A l g e r i a ,  s e r .  2 ,  B u l l .  5 ,  p .  490 .
1956d C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner v a r .  t y p i c a  K am ptner.
A rch . P r o t i s t e n k . ,  v o l .  101, p .  178.
1956d C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner v a r .  t e n u i s  K am ptner.
A rch . P r o t i s t e n k . ,  v o l .  101, p .  178; p i .  16, f i g s .  1 -3 .
1958 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner.  N o r r in ,  R ep .-Sw ed . D eep- 
Sea Exped. v o l .  V I I I ,  n o .  1, p .  49 ;  p i .  I I ,  f i g .  1.
1960 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner .  H a s le ,  N y t t  Mag. B o t . ,
v o l .  8 ,  p i .  1, f i g s .  1 -2 ;  p i .  2 ,  f i g s .  1 -2 .
1961 Coccollthus huxleyi (Lohmann) Kamptner. Black et Barnes, J.
Roy. M ic ro s .  S o c . ,  v o l .  8 0 ,  p t .  2 ,  p p .  1 4 1 -142 , p i s .  2 0 -2 1 ,  
f i g s .  1 -6 .
1963 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner.  W ilb u r  e t  W atabe, Ann.
N. Y. Acad. S c i . , v o l .  109, a r t .  1, p .  105, f i g .  17.
1964 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner. P a a s c h e ,  P h y s i o l .  P l a n t .
Supp. I l l ,  p .  10 , f i g .  l a ;  p .  11 , f i g .  l b .
1965 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner. B la c k ,  E n d ea v o u r ,  v o l .
24 , no . 9 3 ,  p i .  2 ,  f i g .  24.
1965 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner. Cohen, L e id s e  G eo l.
M eded . , v o l .  3 5 ,  p p .  1 1 -1 2 ;  p i s .  8 -1 0 ;  p i .  11 , f i g s .  c - e ;  p i .
12, f i g s .  a - c .
1966 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner. Hay, G eo tim es ,  May- 
J u n e ,  p .  22.
1966 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner. Watabe e t  W ilb u r ,  L im n o l.
and O c e a n o g r . ,  v o l .  11, p p .  5 7 2 -5 7 3 ,  f i g .  5A-E.
1967 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner.  W atabe , C a lc .  T i s s .  R e s . ,
v o l .  1, p .  116, f i g s .  1 -2 .
1967 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner.  W ilb u r  e t  W atabe, S tu d .
T ro p .  O ceanog r .  M iam i, v o l .  5 ,  p .  135, f i g s .  1 -5 .
1967 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner.  K am ptner,  Ann,
N a t u r h i s t o r .  Mus. W ie n . ,  v o l .  7 1 ,  p .  125, p i .  3 ,  f i g s .  17, 19. 
1967a C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner.  L e c a l ,  P r o t i s t o l o g i a ,  
v o l .  2 ,  p p .  5 7 -7 0 .
1967 E m i l i a n i a  h u x l e y i  (Lohmann) Hay e t  M o h le r .  Hay, M o h le r ,  R o th ,
S ch m id t,  e t  B oudreaux ,  T r a n s .  G u lf  C o a s t  A sso c .  G eo l .  S o c . ,  v o l .
17, p. 447; pis. 10, 11, figs. 1-2.
1967 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner. M c In ty re  e t  Be, D eep-Sea
R e s . ,  v o l .  14 , p p .  5 6 8 -5 6 9 ; p i .  5 ,  f i g .  D; p i .  6 ,  f i g s .  A-B;
p i .  12, f i g .  B.
1968 C o c c o l i t h u s  h u x le y i  (Lohmann) K am ptner. B la c k ,  P a l a e o n t . ,  v o l .  
11 , p t .  5 ,  p p .  7 99 -800 , p i .  145, f i g s .  1 -2 .
1969 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner. B a r t o l i n i  e t  P i r i n i ,  
I n t e r n ' t l .  P la n k .  Conf. I ,  v o l .  1, p .  8 4 ,  p i .  4 ,  f i g s .  1 -4 .
1969 E m i l i a n i a  h u x l e y i  (Lohmann) Hay e t  M o h le r .  B oudreaux e t  Hay,
Rev. Esp . M i c r o p a l e o . ,  v o l .  1, n o .  3 ,  p .  262; p i .  I I ,  f i g s .
10- 12.
1970 E m i l i a n i a  h u x l e y i  (Lohmann) Hay e t  M o h le r .  B ukry , K l in g ,  Horn 
e t  Manheim, N a tu r e ,  v o l .  226 , n o .  5241 , p .  158, f i g .  2 c - d .
1970 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner. Okada, B u l l .  G eo l .  Soc.
J a p a n ,  v o l .  76 , p .  544; p i .  1, f i g .  1.
1970 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner. M c In ty re ,  D eep-S ea  R e s . ,  
v o l .  17, p i .  1, f i g .  c .
1970 E m i l i a n i a  h u x l e y i  (Lohmann) Hay e t  M o h le r .  B a r t o l i n i ,
M ic ro p a le o n to lo g y ,  v o l .  16, p .  136, p i .  4 ,  f i g s .  1 - 8 .
1971 C o c c o l l t h u s  h u x l e y i  (Lohmann) K am ptner. M c In ty re  e t  M c In ty r e ,  i n  
F u n n e l l  e t  R ie d e l  ( e d s , ) :  M ic ro p a le o .  o f  O ceans ,  Camb. U n iv . 
P r e s s ,  p .  258; p i .  1 6 .2 .
1971 E m i l i a n i a  h u x l e y i  (Lohmann) Hay e t  M o h le r .  M a r t i n i  e t  W o rs ley ,  
I n i t .  R ep t .  D .S .D .P .  Leg 7 ,  v o l .  V I I ,  p t .  2 ,  p . 1502; p i .  1, 
f i g s .  3 -4 .
1971 E m i l i a n i a  h u x le y i  (Lohmann) Hay e t  M o h le r .  C l o c c h i a t t i ,  C .R.
Acad. Sci., vol. 273, pp. 318-321, figs. 1-2.
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1971 Emiliania huxleyi (Lohmann) Hay et Mohler. Martini, Proc. II
I n t e r n a t ' l .  P la n k .  C o n f . ,  Rome 1970, v o l .  2 ,  p .  784 , f i g s ,  20 -  
2 1 .
1971 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner.  G a a rd e r  e t  H a s l e ,  B u l l .
Mar. S c i . ,  v o l .  21 , n o .  2 ,  p .  529 , f i g .  6 a - c .
1972 E m i l i a n i a  h u x l e y i  (Lohmann) Hay e t  M o h le r .  E l l i s ,  Lohman e t  
Wray, Q u a r t .  C o lo ra d o  Sch. M ines ,  v o l .  67 , n o .  3 ,  p p .  17 -18 ; 
p i .  2 , f i g .  2 .
1972 E m i l i a n i a  h u x l e y i  (Lohmann) Hay e t  M oh le r .  B o r s e t t i  e t  C a t i ,
G io r .  G e o l . ,  S e r .  2 ,  v o l .  3 8 ,  p t .  2 ,  p .  405 ; p i .  5 1 ,  f i g .  2 a -b .  
1972 C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner.  K la v e n e s s ,  P r o t i s t o -
l o g i c a ,  v o l .  V I I I ,  p t .  3 ,  pp . 3 3 5 -3 4 6 ,  f i g s .  1 -1 7 .
1972b C o c c o l i t h u s  h u x l e y i  (Lohmann) K am ptner. K la v e n e s s ,  B r .  P h y c o l .
J . , v o l .  7 , p p .  3 0 9 -3 1 8 ,  f i g s .  1 -1 0 .
Rem arks. A lth o u g h  t h e r e  c o n t i n u e s  t o  b e  a  c e r t a i n  d e g r e e  o f  
taxonom ic  i n s t a b i l i t y  i n  t h i s  s p e c i e s ,  a  m a jo r  d i f f e r e n c e  b e tw een  
C o c c o l i t h u s  and  E m i l i a n i a  can  b e  r e c o g n i z e d .  I n  C o c c o l i t h u s  t h e  
a d j o i n i n g  e le m e n t s  o f  t h e  s h i e l d s  a r e  s t r o n g l y  i m b r i c a t e  w h i l e  i n  
E m i l i a n i a  th e y  a r e  n o t  i m b r i c a t e .  T h is  s p e c i e s  was t h e  m ost ab u n d an t 
and u b i q u i t o u s  n a n n o p la n k to n  e n c o u n te r e d  i n  t h e  b o t to m  s e d im e n ts  o f  
t h e  G u lf  o f  M exico u s u a l l y  c o m p r i s in g  75% o f  t h e  n a n n o f l o r a .
S u b f a m i l i a  CYCLOCOCCOLITHOIDEAE Hay e t  M ohler  1967 
ex  Boudreaux e t  Hay 1969 
D e f i n i t i o n ; P l a c o l i t h s  c i r c u l a r ,  i n t e r f e r e n c e  f i g u r e  o f  p ro x im a l  
s h i e l d  r a d i a l  t o  s u b r a d i a l .
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R em arks. T h is  ta x o n  was p ro p o s e d  b u t  n o t  v a l i d a t e d  by Hay e t  
M ohler 1967, b e c a u s e  no ty p e  genus  was named.
T r ib u s  CYCL0C0CC0L1THEAE B oudreaux  e t  Hay 1969 
D e f i n i t i o n . I m p e r f o r a t e  c i r c u l a r  p l a c o l i t h s .
Genus C y c l o c o c c o l l t h i n a  W ilcoxon 1970 
1950 C a l c i d i s c u s  K am ptner. O e s t e r r .  Akad. W i s s . ,  M a th .-N a tu rw . K l . ,  
A n z . ,  v o l .  8 7 ,  p .  153.
1954 C y c l o c o c c o l i t h u s  K am ptner. A rch .  P r o t i s t e n k . ,  v o l .  100, pp . 23 , 
7 4 -7 5 .
1958 T i a r o l i t h u s  K am ptner.  A rch .  P r o t i s t e n k . ,  v o l .  103, p p .  70 , 81 ,
85 .
1963 C y c l o p l a c o l i t h u s  K am ptner.  N a t u r h i s t .  Muss. Wien. A n n . ,  v o l .  66 , 
p .  167.
1970 C y c l o c o c c o l i t h i n a  W ilcoxon . T u la n e  S tu d .  G eo l .  P a l e o , , v o l .  8 ,  
n o .  2 , p .  82.
Type S p e c i e s :  C y c l o c o c c o l i t h i n a  l e p t o p o r a  (M urray e t  Blackman 1898)
W ilcoxon 1970.
R em arks. W ilcoxon  (1970) p r e s e n t s  a c o m p le te  taxonom ic  t r e a tm e n t  
o f  t h e  g e n u s .  I m p e r f o r a t e ,  c i r c u l a r  p l a c o l i t h s  h a v in g  a  d i s t a l  s h i e l d  
l a r g e r  th a n  t h e  p ro x im a l  s h i e l d  w i th  a  c e n t r a l  d e p r e s s i o n  on th e  d i s t a l  
s h i e l d  w ere  a s s ig n e d  to  t h i s  g e n u s .
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C y c l o c o c c o l i t h i n a  l e p t o p o r a  (M urray  e t  Blackman)
W ilcoxon 1970 
P l a t e  4 ,  F ig u r e s  1-8
1868 " C o c c o sp h e re s "  H uxley (pa r t im ).  J. M ic ro s .  S c i . ,  S e r .  2 ,  v o l .  8 ,  
p .  208 , p i .  4 ,  f i g s .  6 c ,  7c .
1870 "C o cco sp h ae ren "  H a e c k e l  ( p a r t i m ) .  J e n .  Z i e t s c h r .  Med. u .  N a tu r w . , 
v o l .  4 ,  p . 516 , p i .  17, f i g .  52.
1877 C o cco sp h ae ra  p e l a g i c a  W a l l ic h  ( p a r t i m ) .  Ann. Mag. N a t .  H i s t . ,
S e r .  4 ,  v o l .  19 , p .  348, p i .  17, f i g .  8 .
1885 " C o c c o sp h e re s"  jLn T i z a r d ,  M o se ley ,  Buchanan, e t  M urray , N a r r a t i v e  
o f  C r u i s e  o f  H.M.S. C h a l l e n g e r ,  v o l .  1 ,  p t .  2 ,  p i .  N, f i g .  3.
1891 "C o cco sp h e re"  ir i  M urray e t  R en a rd ,  R e p t .  on S c i e n t i f i c  R e s u l t s  
o f  Voyage o f  H.M.S. C h a l l e n g e r ,  D eep-Sea  D e p o s i t s ,  p p .  2 5 7 -2 5 8 ,  
p i .  11, f i g .  3 .
1897 " C o c c o s p h e re " ,  M urray e t  B lackm an, N a tu r e ,  v o l .  5 5 ,  n o .  1431, 
pp . 5 10 -511 , f i g .  2a .
1898 C o cco sp h ae ra  l e p t o p o r a  M urray e t  Blackman. Roy. Soc. L o n . ,  P h i l .
T r a n s . ,  v o l .  190 (B ) ,  p .  430 , p i .  15, f i g s .  1 -7 .
1902 C o c c o l i th o p h o ra  l e p t o p o r a  (M urray e t  Blackman) Lohmann. A rch .
P r o t i s t e n k . ,  v o l .  1, pp . 137 -138 , p i .  5 ,  f i g s .  52 , 6 1 -6 4 .
1908 C o c c o l i t h o p h o ra  l e p t o p o r a  (M urray e t  Blackman) Lohmann.
Lemmerraann, N ord. P l a n k t . ,  v o l .  21 , p .  XXI38, f i g s .  127 -128 .
1913b C o c c o l i th o p h o ra  l e p t o p o r a  (M urray e t  Blackman) Lohmann. Lohmann,
V erh . D e u ts c h .  Z o o l .  G e s . ,  v o l .  23 , p .  146, t e x t - f i g .  3 ,  p .  147, 
t e x t - f i g .  4 .
1919 C o c c o l i th o p h o ra  l e p t o p o r a  (M urray e t  Blackman) Lohmann. Lohmann,
A rch B i o n t o l . ,  v o l .  4 ,  no . 3 ,  p .  90 , t e x t - f i g .  20,
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1919 C o c c o l i th o p h o ra  l e p t o p o r a  (M urray  e t  Blackman) Lohmann. B uscsh  
A rch . N a t u r g e s c h . ,  v o l .  85 , A b t .  A, 8 ,  p p .  5 3 -5 4 .
1930 C o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) S c h i l l e r ,  i n
R a b e r h o r s t :  K ryp togam m en-F lo ra ,  v o l .  10, n o .  2 ,  p .  100, f i g .
9 a - b ,  p .  101, f i g .  lO a - b , p p .  2 4 5 -2 4 6 ,  f i g .  1 21 -122 .
1939 C o c c o l i th o p h o ra  l e p t o p o r a  (M urray e t  Blackman) Lohmann. B e r s i e r ,
B u l l .  Soc. Vaud. S c i .  N a t .  L au san n e ,  v o l .  60 , n o .  218, p .  241, 
f i g s .  3 5 -3 7 ,  p .  242.
1941 C o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) S c h i l l e r .  K am ptner, 
N a t u r h i s t .  Mus. W ie n . ,  A n n .,  v o l .  5 1 ,  p .  9 4 ,  p i .  13 , f i g s .  137—
139.
1950 C a l c i d i s c u s  q u a d r i f o r a t u s  K am ptner. O s t e r r .  Akad. W iss .  M ath- 
N aturw . K l . ,  A n z . ,  v o l .  87 , pp . 153-155 .
1950 C a l c i d i s c u s  m ed u so id es  K am ptner. O s t e r r .  Akad. W iss .  M ath-N aturw .
K l . , A nz.,  v o l .  87 , pp . 153-155 .
1951 C o c c o l i t h u s  l e p t o p o r u s  (M urray  e t  Blackman) S c h i l l e r .  L e c a l -  
S c h la u d e r ,  Ann. I n s t i t .  O c e a n o g r . ,  v o l .  26 , n o .  3 ,  p .  329 , p i .
12, f i g s .  1 -3 ,  6 .
1952a C o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) S c h i l l e r .  D e f la n d r e  
i n  Grasse" T r a i t e  Z o o l . , v o l .  1, p t .  1, p .  4 44 ,  f i g .  343g.
1952b C o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) S c h i l l e r .  D e f l a n d r e ,  
jUi P i v e t e a u ,  T r a i t e  P a l e o n t . ,  v o l .  1 ,  p .  110 , f i g .  4 4 .
1952a C a l c i d i s c u s  q u a d r i f o r a t u s  K am ptner.  K am ptner, M ik ro s k o p ie ,  v o l .
7 ,  p .  236, f i g .  11, p .  391 , f i g .  2 0 a -b .
1954 U m b i l ic o s p h a e ra  s p .  Lohmann. D e f la n d r e  e t  F e r t ,  Ann, P a l e o n t . ,  
v o l .  4 0 ,  p .  155, t e x t - f i g .  20 .
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1954a C y c lo c o c c o l l th u B  l e p t o p o r u s  (M urray e t  Blackman) K am ptner.  A rch .  
P r o t i s t e n k . ,  v o l .  100, p p .  2 3 -2 4 ,  f i g .  20 .
1954a C a l c i d i s c u s  q u a d r i f o r a t u s  K am ptner.  K am ptner,  A rch .  P r o t i s t e n k . ,  
v o l .  100, p p .  3 3 -3 4 ,  f i g s .  3 5 -3 7 .
1954a C a l c i d i s c u s  m e d u so id es  K am ptner.  K am ptner,  A rch .  P r o t i s t e n k . ,  
v o l .  100, p p .  2 6 -3 3 ,  f i g s .  2 4 -3 4 .
1954 C y c lo c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  B lackm an) K am ptner.
D e f l a n d r e ,  i n  D e f la n d r e  e t  F e r t ,  Ann. P a l e o n t . ,  v o l .  4 0 ,  p p .  ISO- 
151, t e x t - f i g .  76 , p i .  9 ,  f i g s .  1 -3 .
1955 C o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) S c h i l l e r .  G a rd e t ,
P u b l .  S e rv .  C a r t e  G e o l .  A l g e r i e ,  n .  S e r . ,  B u l l .  5 ,  p .  513, p i .  6 ,
f i g .  5 0 a -d .
1958 C a l c i d i s c u s  q u a d r i f o r a t u s  K am ptner. K am ptner,  A rch . P r o t i s t e n k . ,  
v o l .  103, p .  81 .
1958 T i a r o l i t h u s  m e d u so id es  (K am ptner) K am ptner.  A rch .  P r o t i s t e n k . ,  
v o l .  103, p p .  8 1 ,  85 .
1960 C y c l o c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner, H a s le ,
N y t t .  Mag. B o t . ,  v o l .  8 ,  p i .  1 , f i g s .  3 - 4 ;  p i .  3 ,  f i g s .  1 -2 .
1961 T r e m a l i th u s  c f .  C o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman)
S c h i l l e r .  M a n iv i t ,  P u b l ,  S e rv .  C a r t e  G eo l.  A l g e r i e ,  s e r .  2 ,
B u l l .  25 , p .  349 , p i .  2 ,  f i g .  4.
1961 C o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) S c h i l l e r .  B la c k  e t  
B a rn e s ,  J .  Roy. M ic ro s .  S o c . ,  v o l .  80 , p t .  2 ,  p .  143, p i .  24, 
f i g s .  3 -4 .
1963 C a l c i d i s c u s  m e d u so id es  K am ptner. M a r t i n i  e t  B r a m l e t t e ,  J o u r .













Calcidiscus quadriforatus Kamptner. Kamptner, Naturhlst. Mus.
W ie n . ,  A n n .,  v o l .  66 , p .  147.
C a l c i d i s c u s  u n i f o r a t u s  K am ptner. N a t u r h l s t .  Mus. W ie n . ,  A n n .,  
v o l .  66, pp . 1 47 -148 ,  t e x t - f i g .  2 ,  p i .  2 ,  f i g .  17.
C y c l o c o c c o l i t h u s  l e p t o p o r u s  (M urray  e t  Blackman) K am ptner .
M a r t i n i  e t  B r a m le t t e ,  J o u r .  P a l e o ,  v o l .  37 , p . 850 , p i .  102, 
f i g s .  4 -5 .
C y c l o p l a c o l l t h u s  f o l i o s u s  K am ptner. N a t u r h l s t .  Mus. W ie n . ,
A n n .,  v o l .  66 , pp . 1 67 -168 , p i .  7 ,  f i g .  38.
C y c l o p l a c o l l t h u s  l a e v i g a t u s  K am ptner.  N a t u r h i s t .  Mus. W ien . ,
A n n .,  v o l .  66, pp . 1 68 -169 , p i .  9 ,  f i g s .  4 7 -4 9 .
C y c l o p l a c o l l t h u s  s e j u n c t u s  K am ptner. N a t u r h i s t .  Mus. W ie n . ,
A n n .,  v o l .  66, p p .  169-170 , p i .  8 ,  f i g .  43 .
T i a r o l i t h u s  d i v e r s i s t r i a t u s  K am ptner. N a t u r h i s t .  Mus. W ie n . ,
A n n .,  v o l .  66 , p p .  180-181 , t e x t - f i g .  2 8 ,  p i .  2 , f i g .  13; p i .  4 ,  
f i g .  27.
T i a r o l i t h u s  m ed u so id es  (K am ptner) K am ptner. N a t u r h i s t .  Mus. W ie n . ,  
A n n . ,  v o l .  71 , p p .  160, 178, p i .  23 , f i g s .  115, 124.
T i a r o l i t h u s  p a c i f i c u s  K am ptner. N a t u r h i s t .  Mus. W ie n . ,  A n n .,  v o l .
66 , p .  182, t e x t - f i g .  30 .
T i a r o l i t h u s  r e c t i l i n e a t u s  K am ptner. N a t u r h i s t .  Mus. W ie n . ,  A n n .,  
v o l .  66, pp . 1 82 -183 ,  t e x t - f i g .  31 , p i .  2 ,  f i g .  11.
C y c lo c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner. Cohen, 
M ic r o p a l e o n to lo g y ,  v o l .  10, p .  237 , p i .  1 , f i g .  6 a - e ,  p i .  2 ,  
f i g .  4 a -b .
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1965 Cyclococcolithus leptoporus (Murray et Blackman) Kamptner.
Cohen, L e id s e  G eo l.  M eded .,  v o l .  3 5 ,  p p .  2 5 -2 6 ;  p i .  2 ,  f i g s .  
h - 1 ;  p i .  18, f i g s .  a - e ;  p i .  19 , f i g s .  a - b ;  p i .  20 , f i g s .  a - b .
1965 C a l c i d i s c u s  s p . ,  B la c k ,  E n d eav o u r ,  v o l .  1A, n o .  93 , p .  135, 
f i g .  22.
1967 C a l c i d i s c u s  s p . ,  Takayama, J b .  G eo l.  B .A . ,  v o l .  110, p .  188, 
p i .  1, f i g .  12.
1967 C a l c i d i s c u s  m eduso ides  K am ptner. Takayama, J b .  G eo l.  B .A . ,  
v o l .  110, p p .  1 87 -188 , p i .  1, f i g .  9.
1967 C y c l o c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner.
Takayama, J b .  G eo l.  B .A . ,  v o l .  110, p .  189 , p i .  2 ,  f i g s .  1 -5 .
1967 C y c l o c o c c o l i t h u s  l e p t o p o r u s  (M urray  e t  Blackman) K am ptner.
M c In ty re  e t  Be D eep-Sea R e s . ,  v o l .  1A, p .  569 , p i .  7 ,  f i g s .  A-C.
1967 C y c l o c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner .  V a r .
"A" M c In ty r e ,  Be" e t  P r e l k s t a s ,  i n  S e a r s ,  ( e d . ) ,  P r o g r e s s  i n  
O ceanography , v o l .  A, p p .  9 - 1 0 ,  p i .  A, f i g s .  C-D.
1967 C y c l o c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner. V ar.
"B" M c In ty re ,  Be e t  P r e l k s t a s ,  I n  S e a r s  ( e d . ) ,  P r o g r e s s  i n
O ceanography ,  v o l .  A, p .  10 , p i .  5 ,  f i g .  A.
1967 C y c lo c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner. V ar.
"C” M c In ty re ,  Be e t  P r e l k s t a s ,  i n  S e a r s  ( e d . ) ,  P r o g r e s s  i n
O ceanography , v o l .  A, pp . 1 0 -1 1 ,  p i .  5 ,  f i g s .  C-D.
1967 C y c lo c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner. Hay,
M o h le r ,  R o th ,  S ch m id t,  e t  B oudreaux ,  T r a n s .  G u lf  C o a s t  A sso c .
G eo l.  S o c . ,  v o l .  17, p i s .  10 -11 ,  f i g .  3 .
1967 C y c lo c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner.
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B r a m le t t e  e t  W ilcoxon , T u lan e  S tu d .  G e o l . ,  v o l .  5 ,  n o .  3 ,  p .
103; p i .  3 ,  f i g s .  9 -1 2 .
1967 C y c lo c o c c o l i t h u s  l e p to p o r u s  (M urray e t  B lackman) K am ptner.
G a r t n e r ,  U n iv .  K ansas  P a l e o .  C o n t r . ,  P a p e r  2 8 ,  p p .  1 -4 ,  p i .  1,
f i g s .  1 -4 ;  p i .  2 , f i g s .  1 -4 .
1967 NON C y c l o c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner.
Ahmin, G eo l.  B u l l .  P a n ja b .  U n i v . ,  n o .  6 ,  p .  47 , p i .  2 , f i g s .
30 -3 2 .
1967 C y c lo c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) S c h i l l e r ,  e r r .  
c i t .  p ro  £ .  l e p t o p o r u s  (M urray e t  Blackman) K am ptner. K am ptner,
Ann. N a t u r h i s t .  Mus. W ien, v o l .  7 1 ,  p .  129, p i .  3 ,  f i g .  21.
1967 C y c lo c o c c o l i t h u s  a t r e m a t u s  K am ptner. N a t u r h i s t .  Mus. W ie n . ,
A n n .,  v o l .  71 , p .  128, p i .  3 ,  f i g .  2 2 -2 3 .
1967 C y c lo c o c c o l i t h u s  r e n a l i s  K am ptner. N a t u r h i s t .  Mus. W ie n . ,  A n n .,
v o l .  7 1 ,  p .  130; p i .  4 ,  f i g .  26 .
1967 T i a r o l i t h u s  m ed u so id es  (K am ptner) K am ptner. K am ptner,  Ann.
N a t u r h i s t .  M u s. ,  W ien, A n n .,  v o l .  71 , p .  160, p i .  23 , f i g s .
115, 124.
1967 T i a r o l i t h u s  r e c t i l i n e a t u s  K am ptner. K am ptner, N a t u r h i s t .  M us.,
Wien, Ann., v o l .  71 , p .  160, p i .  23 , f i g .  117.
1967 C a l c i d i s c u s  m eduso ides  K am ptner. Hay, Taxon, v o l .  16, pp . 240- 
242.
1967 C a l c i d i s c u s  q u a d r i f o r a t u s  K am ptner. Hay, Taxon, v o l .  16, pp .
240-242 .
1967 C y c l o c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner.  Hay,
Taxon, v o l .  16, pp . 240-242 .
1968 Cyclococcolithus leptoporus (Hurray et Blackman) Kamptner.
B la c k ,  P a l a e o n t . ,  v o l .  11 , p t .  5 ,  p p .  7 9 7 -7 9 9 ,  p i .  144 , f i g s .  
3 -4 ;  p i .  147, f i g .  1.
1968 C y c lo c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner. 
S a l e s ,  Rev. P a l e o b o t .  P a l y n o l . ,  v o l .  5 ,  p .  294 , p i .  1 ,  f i g .  
4 a -b .
1968 U m b i l ic o s p h a e ra  l e p t o p o r a  (Murray e t  Blackman) Cohen e t  
R e i n h a r d t .  N. J b .  G eo l.  P a l a o n t .  Abh, v o l .  131, n o .  3 ,  p .  296 
p i .  19, f i g s .  3 ,  7 ; p i .  20 , f i g .  11.
1969 C y c l o c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner.
B oudreaux e t  Hay, Rev. E sp . M ic r o p a l e o . ,  v o l .  1, n o .  3 ,  pp . 
2 6 3 -2 6 4 , p i .  I I ,  f i g s .  1 3 -1 4 ; p i .  I l l ,  f i g s .  1 - 6 .
1969a C y c l o c o c c o l i t h u s  m a c i n t y r e l  Bukry e t  B r a m le t t e .  T u la n e  S tu d ,  
G eo l.  P a l e o n t . ,  v o l .  7 ,  p .  132, p i .  1 ,  f i g s .  1 -3 .
1970 C y c l o c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner.
B a r t o l i n i ,  M ic r o p a l e o n to lo g y ,  v o l .  16, p p .  134-135 , p i .  2 , 
f i g s .  1, 4-10^ t e x t - f i g .  7 .
1970 C y c lo c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner.
O kada, B u l l .  G eo l .  Soc. J a p a n ,  v o l .  76 , p .  544 , p i .  1, f i g .  3
1970b C y c l o c o c c o l i t h i n a  l e p t o p o r a  (M urray e t  Blackman) W ilcoxon , 
T u lan e  S tu d .  G eo l.  P a l e o n t . ,  v o l .  8 ,  n o .  2, p .  82 .
1971 C y c l o c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner.
M c In ty re  e t  M c In ty r e ,  i n  F u n n e l  e t  R ie d e l  ( e d s . ) ,  M ic ro p a le o .  
o f  O cean s ,  Camb. U n iv .  P r e s s ,  p .  257 , p i .  1 6 .1 ,  f i g .  A.
1971 C y c l o c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner.
B la c k ,  i n  F u n n e l l  e t  R ie d e l  ( e d s . ) :  M ic ro p a le o .  o f  O ceans ,
Camb. U n iv .  P r e s s ,  p .  621 , p i .  4 5 .1 ,  f i g .  7.
1971a C y c l o c o c c o l i t h u s  m a c i n t y r e i  Bukry e t  B r a m l e t t e .  B ukry , I n i t .
R e p t .  D .S .D .P .  Leg 6 , v o l .  V I,  p .  992 , p i .  3 ,  f i g .  1.
1971a C y c l o c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner. 
B ukry , I n i t .  R e p t .  D .S .D .P .  Leg 6 ,  v o l .  V I ,  p .  988, p i .  1 , 
f i g .  3.
1971 C y c l o c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  B lackman) K am ptner. Haq 
e t  L ip p s ,  I n i t .  R e p t .  D .S .D .P . ,  v o l .  8 ,  p .  778, p i .  1 ,  f i g .  6.
1971 C y c lo c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner. 
G a a rd e r  e t  H a s l e ,  B u l l .  Mar. S c i . ,  v o l .  21 , n o .  2 ,  p p .  529,
533 , f i g .  7.
1972 C y c lo c o c c o l i t h u s  m a c l n t y r e i  Bukry e t  B r a m le t t e .  P e r c h - N i e l s e n ,  
I n i t .  R e p t .  D .S .D .P .  Leg 12 , v o l .  X I I ,  p .  1034, p i .  5 ,  f i g .  1.
1972 C y c l o c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner.
P e r c h - N i e l s e n ,  I n i t .  R e p t .  D .S .D .P .  Leg 12, v o l .  X I I ,  p .  1034, 
p i .  5 ,  f i g s .  2 -3 .
1972 C y c l o c o c c o l i t h i n a  l e p t o p o r a  (M urray e t  Blackman) W ilcoxon . 
E l l i s ,  Lohraan, e t  Wray, Q u a r t .  C o lo ra d o  Sch. M ines , v o l .  67, 
n o .  3 ,  pp . 1 5 -1 7 ,  p i .  1, f i g s .  2 -6 .
1973 C y c lo c o c c o l i t h u s  l e p t o p o r u s  (M urray e t  Blackman) K am ptner. 
S t r a d n e r ,  I n i t .  R e p t .  D .S .D .P .  Leg 13, v o l .  X I I I ,  p t .  2 ;  p .  
1147, p i .  7, f i g s .  1 -5 ;  p .  1148, p i .  8 , f i g s .  1, 2 ,  4 ,  6 .
1973 C y c l o c o c c o l i t h u s  m a c i n t y r e i  Bukry e t  B r a m l e t t e .  S t r a d n e r ,  I n i t .  
R ep t .  D .S .D .P .  Leg 13, v o l .  X I I I ,  p t .  2 ,  p .  1148, p i .  8 ,  f i g .
3 ,  p .  1149; p i .  9 ,  f i g s .  1 -6 ;  p .  1150, p i .  10, f i g s .  1 -6 ;  p .  
1171, p i .  31, f i g .  11.
R em arks. The c o c c o l i t h s  o f  C y c l o c o c c o l i t h i n a  l e p t o p o r a  (M urray 
e t  Blackman) W ilcoxon a r e  q u i t e  r o b u s t  and  h i g h l y  r e s i s t a n t  t o
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d i a g e n e t i c  a l t e r a t i o n .  T h is  s p e c i e s  was one o f  t h e  b e s t  p r e s e r v e d  
m o rp h o ty p es  i n  t h e  G u lf  b o t to m  s e d im e n ts .
C y c l o c o c c o l i t h i n a  f r a g i l i s  (Lohmann) W ilcoxon 1970 
P l a t e  4 ,  F ig u r e s  9 -1 0  
1912a C o c c o l i t h o p h o ra  f r a g i l i s  Lohmann. v e r .  I n s t i t .  M eer. A . ,  
G eograph . N a tu r w . , v o l .  1, p .  5 4 ,  f i g .  11.
1913b C o c c o l i t h o p h o ra  f r a g i l i s  Lohmann. Lohmann, V erh .  D e u ts c h .  Z o o l .
G e s . ,  v o l .  23 , p .  145, t e x t - f i g .  2C.
1925 C o c c o l i t h o p h o ra  f r a g i l i s  Lohmann. S c h i l l e r ,  A rch . P r o t i s t e n k . , 
v o l .  5 1 ,  p .  37 , t e x t - f i g .  U.
1930 NON C o c c o l i t h u s  f r a g i l i s  (Lohmann) S c h i l l e r ,  i n  R a b e n h o rs t :  
K ry p to g a m e n -F lo ra ,  v o l .  10 , n o .  2 ,  p .  131, f i g .  43 , p .  243, 
f i g s .  120, 137b, c .
1951 C o c c o l i t h u s  f r a g i l i s  (Lohmann) D e f l a n d r e .  L e c a l - S c h l a u d e r , Ann. 
I n s t i t .  O c e a n o g r . ,  v o l .  26 , no . 3 ,  p p .  32 7 -3 2 8 , 3 6 1 ,  p i .  11, 
f i g s .  12 , 15-19 .
1952a C o c c o l i t h u s  f r a g i l i s  (Lohmann) D e f l a n d r e .  i n  G r a s s e :  T r a i t e
Z o o l . ,  v o l .  1, p .  447 , f i g .  346.
1953a C o c c o l i t h u s  f r a g i l i s  (Lohmann) D e f l a n d r e .  D e f l a n d r e ,  i n
D e f la n d r e  e t  F e r t ,  C .R. Acad. S c i . ,  v o l .  236, p .  329 , f i g .  2.
1954 C y c lo c o c c o l l t h u s  f r a g i l i s  (Lohmann) D e f l a n d r e .  D e f la n d r e  e t  
F e r t ,  A n n ls .  P a l e o n t . ,  v o l .  4 0 ,  p .  151, p i .  6 , f i g s .  1 -3 ,  
t e x t - f i g .  19.
1955 NON C y c lo c o c c o l l t h u s  f r a g i l i s  (Lohmann) G a r d e t .  P u b l .  S e rv .  
C a r t e ,  G eo l.  A l g e r i e ,  s e r .  2 ,  B u l l .  5 ,  pp . 511 , 513 , p i .  V, 
f i g .  4 8 a -b .
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1960 Cyclococcolithua fragilis (Lohmann) Deflandre. Lecal, Bull.
I n s t .  O ceanogr ,  Monaco, v o l .  57 , p .  18 , f i g .  8 a - b .
1960 NON C y c l o c o c c o l l t h u s  f r a g i l i s  (Lohmann) D e f la n d r e .  H a s l e ,  N y t t .
Mag. B o t . ,  v o l .  8 ,  p i .  I l l ,  f i g s .  3 -7 .
1967 NON C y c lo c o c c o l l t h u s  f r a g i l i s  (Lohmann) D e f l a n d r e .  M c In ty re  e t  
Be, D eep-Sea R e s . ,  v o l .  14, p .  570 , p i .  9 ,  f i g .  C.
1970 C y c l o c o c c o l l t h u s  f r a g i l i s  (Lohmann) D e f l a n d r e .  Okada, B u l l .
G eo l.  Soc. J a p a n ,  v o l .  76 , p .  544 ,  p i .  1 , f i g .  2 .
1970b C y c l o c o c c o l l t h l n a  f r a g i l i s  (Lohmann) W ilcoxon . T u la n e  S tu d .
G eo l .  P a l e o n t , ,  v o l .  8 ,  n o .  2 ,  p .  82 .
Rem arks. The taxonomy o f  C y c l o c o c c o l l t h l n a  f r a g i l i s  (Lohmann)
W ilcoxon  1970 I s  u n s t a b l e .  The a p p a r e n t  c o n f u s io n  r e s t s  be tw een  t h e  
i d e n t i f i c a t i o n  o f  C. f r a g i l i s  and O o l i t h o t u s  a n t i l l a r u m  (Cohen)
R e in h a r d t  1968. B oth  t a x a  a r e  p l a c o l i t h s  b u t  C.  f r a g i l i s  h a s  a  
c i r c u l a r  o u t l i n e  w h e rea s  £ .  a n t i l l a r u m  i s  p o ly g o n a l .  Both  s p e c i e s  
a r e  i m p e r f o r a t e ,  how ever C,  f r a g i l i s  h a s  a  s t e l l a t e  c e n t r a l  d e p r e s s io n  
on t h e  d i s t a l  s h i e l d ,  and CL a n t i l l a r u m  h a s  a  s m a l l  r a i s e d  a r e a  i n  
th e  c e n t r a l  r e g i o n  o f  t h e  d i s t a l  s h i e l d .  M ajor d i f f e r e n c e s  e x i s t  
b e tw een  th e  t a x a  w i th  r e g a r d  to  t h e  sh a p e  and  p o s i t i o n  o f  t h e  p ro x im a l  
s h i e l d  r e l a t i v e  t o  t h e  d i s t a l  s h i e l d .  I n  C.  f r a g i l i s  th e  p ro x im a l  
s h i e l d  i s  c e n t e r e d  u n d e r  t h e  d i s t a l  s h i e l d ,  b u t  i n  (). a n t i l l a r u m  th e  
p ro x im a l  s h i e l d  i s  o f f c e n t e r e d .
234
T r ib u s  UMBILICOSPHAERAE B oudreaux  e t  Hay 1969 
D e f i n i t i o n . P l a c o l i t h s  b r o a d ly  p e r f o r a t e .
Genus U m b i l ic o s p h a e ra  Lohmann 1902 
1902 U m b i l ic o s p h a e ra  Lohmann. A rch . P r o t i s t e n k . , v o l .  1 , p p .  136, 139. 
Type S p e c i e s :  U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann 1902.
R em arks. C i r c u l a r  p l a c o l i t h s  h a v in g  a  l a r g e  c e n t r a l  o p e n in g  and 
a  v e r y  s h o r t  tu b e  c o n n e c t in g  a  l a r g e r  p ro x im a l  s h i e l d  t o  a  s m a l l e r  
d i s t a l  s h i e l d  w ere  a s s ig n e d  t o  t h i s  g e n u s .
U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann 1902 
P l a t e  5 ,  F ig u r e s  1 -6  
1902 U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. A rch .  P r o t i s t e n k . ,  v o l .  1, 
pp . 13 9 -1 4 0 , p i .  5 ,  f i g s .  66 , 66a .
1908 U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. Lemmermann, N ord. P l a n k t . ,  
v o l .  21 , p .  XXI39, f i g s .  1 3 1 -131a .
1913b U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. Lohmann, V erh .  D e u ts c h .  Z o o l .
G e s . , v o l .  23 , p .  145, t e x t - f i g .  2 a .
1930 U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. S c h i l l e r ,  ^ n  R a b e n h o rs t :
K ryp togam m en-F lo ra ,  v o l .  10, n o .  2 ,  p .  248 , f i g .  126, p .  249.
1930 C o c c o l i t h u s  s lb o g a e  (W eber-van B osse)  S c h i l l e r ,  i n  R a b e n h o rs t :  
K ryp togam m en-F lo ra ,  v o l .  10 , n o .  2 ,  p .  248 , f i g .  125.
1952a U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. D e f l a n d r e ,  i n  Grasse*: T r a i t .
Z o o l . ,  v o l .  1 , p t .  1, p .  456 , f i g .  354 B-C.
1954a C y c l o c o c c o l i t h u s  m i r a b i l i s  (Lohmann) K am ptner. A rch .  P r o t i s t e n k . ,  














Neosphaera coccolithomorpha Lecal var. striata Lecal. Bull.
I n s t i t .  O ceanogr .  Monaco, v o l .  57 , p p .  1 5 -1 8 ,  f i g s .  7 - 7 ( 8 ) .  
U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. B la c k  e t  B a rn e s ,  J .  Roy.
M ic r .  S o c . ,  v o l .  8 0 ,  p t .  2 ,  p p .  1 40 -141 ,  p i .  2 5 ,  f i g s .  4 -5 .  
U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. B la c k ,  P r o c .  L in n e a n  S o c . ,
S e s s .  174 , p t .  1 ,  p .  4 4 ,  p i .  1 , f i g .  3 .
C y c l o c o c c o l l t h u s  m i r a b i l i s  (Lohmann) K am ptner. Cohen, M icro ­
p a l e o n t o l o g y ,  v o l .  10, p .  237 , p i .  1, f i g s .  4 a - f ,  p i .  2 ,  f i g s .
3 a - f .
U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. B la c k ,  E ndeavour ,  v o l .  14, 
no . 9 3 ,  p .  135, f i g .  18.
U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. K am ptner, Ann. N a t u r h i s t o r .
Mus. W ien, v o l .  71, p .  163 , p i .  23 , f i g s .  116, 121 -123 .
U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. M c In ty re  e t  Be, D eep-Sea  R e s . ,  
v o l .  14, p p .  5 7 1 -5 7 2 ,  p i .  11, f i g s .  B-C, p i .  12, f i g .  A. 
U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. M c In ty re ,  Be e t  P r i e k s t a s ,  
i n  S e a r s  ( e d . ) :  P r o g r e s s  i n  O ceanography , v o l .  4 ,  p .  13, p i .  2 ,  
f i g s .  C-D.
U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. Cohen e t  R e i n h a r d t ,  N. J b .
G eo l.  P a l a o n t .  A b h . , v o l .  131 , no . 3 ,  p .  294 , p i .  19 , f i g s .  8 ,
12, 16, p i .  21 , f i g .  2 ,  t e x t - f i g s .  4 - 5 .
U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. Boudreaux e t  Hay, Rev. Esp. 
M i c r o p a l e o . ,  v o l .  1 , n o .  3 ,  p p .  2 6 4 -2 6 5 ,  p i .  I l l ,  f i g s .  7 -1 5 .  
U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. B a r t o l i n i ,  M ic r o p a le o n to lo g y ,  
v o l .  16, p p .  146, 148 , p i .  8 ,  f i g s .  4 - 9 .
U m b i l ic o s p h a e ra  s ib o g a e  (W eber-van B osse)  G a a rd e r .  N y t t  Mag.
B o t . ,  v o l .  17 , p .  126. (nom. n u d . ) .
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1971 U m b i l ic o s p h a e ra  s ib o g a e  (W eber-van  B o sse )  G a a rd e r .  G aa rd e r  e t  
H a s le ,  B u l l .  Mar. S c i . ,  v o l .  21 , n o .  2 ,  p p .  539 -540 .
1971 U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. B ukry , I n i t .  R e p t .  D .S .D .P .
Leg 6, v o l .  V I ,  p .  991 ,  p i .  2 ,  f i g .  6 .
1971 U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. Haq e t  L i p p s ,  I n i t .  R ep t .
D .S .D .P .  Leg , v o l .  V I I I ,  p .  778, p i .  1, f i g ,  A-B.
1972 U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. E l l i s ,  Lohman, e t  Wray, Q u a r t .  
C o lo ra d o  Sch . M in es ,  v o l .  6 7 ,  n o .  3 ,  p .  21 , p i .  3 ,  f i g .  4 .
1973 U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann. S t r a d n e r ,  I n i t .  R e p t .  D .S .D .P .
Leg 13, v o l .  X I I I ,  p t .  2 ,  p .  1153, p i .  13 , f i g s .  5 - 6 ,  p .  1154,
p i .  14, f i g s .  1 -2 .
R em arks. G a a rd e r  (1970) and G a a rd e r  e t  H a s le  (1971) p r e s e n t  U. 
m i r a b i l i s  Lohmann a s  an  o b j e c t i v e  j u n i o r  synonym o f  U. s ib o g a e  W eber-
van  B osse  1901 (Ann. J a r d .  B o t .  B u i t e n z .  L V II ,  s e r .  2 , v o l .  2 ,  p .  137,
140, p i .  17 , f i g s .  1 -2 ,  and S ib o g a - E x p e d . , v o l .  1, p .  2 4 ) .  However 
t h e  p r e s e n t  w r i t e r  d o es  n o t  f e e l  t h i s  synonomy i s  w a r r a n te d  on t h e  
b a s i s  o f  th e  o r i g i n a l  d e s c r i p t i o n  and i l l u s t r a t i o n  (two c o n c e n t r i c  
c i r c l e s )  p r e s e n t e d  by W eber-van  B o sse  b u t  c h o o se s  t o  r e t a i n  t h e  s p e c i e s  
U m b i l ic o s p h a e ra  m i r a b i l i s  Lohmann 1902.
F a m i l i a  THORACOSPHAERACEAE D e f la n d r e  1952 
D e f i n i t i o n . C o c c o l i t h o p h y te s  p r o d u c in g  a s p h e r i c a l  o r  s u b s p h e r i c a l  
t e s t s  o f  fu s e d  e le m e n ts  = n a n n o s p h e re s  o f  Edw ards , 1973.
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Genus T h o ra c o sp h a e ra  Kamptner 1927 
1927 T h o ra c o sp h a e ra  K am ptner. A rch .  P r o t i s t e n k . ,  v o l .  5 8 ,  p .  180.
Type S p e c i e s :  T h o ra c o s p h a e ra  p e l a g i c a  K amptner 1927.
R em arks. C o cco sp h e re s  c o n s t r u c t e d  o f  i n t e r l o c k i n g ,  f u s e d  b u t  
p o r a t e  c o c c o l i t h s  ( " p o r o l i t h s " )  w ere  a s s i g n e d  t o  t h i s  g e n u s .
T h o ra c o s p h a e ra  h e im i  (Lohmann) K amptner 1941 
P l a t e  5 ,  F ig u r e s  7 - 9 ,
P l a t e  6 ,  F ig u r e s  1-2 
1919 S y ra c o s p h a e ra  h e im i  Lohmann. A rch .  B i o n t . ,  v o l .  4 ,  p .  117, f i g .  
29.
1927 T h o ra c o sp h a e ra  p e l a g i c a  K am ptner. (p a r t im )  A rch .  P r o t i s t e n k ;
v o l .  5 8 ,  pp . 1 8 0 -1 8 4 ,  f i g .  6 .
1930 S y ra c o s p h a e ra  h e i m i i  Lohmann. S c h i l l e r ,  i n  R a b e n h o rs t :
K ryp togam m en-F lo ra ,  v o l .  10, n o .  2 ,  pp . 2 0 0 -2 0 1 ,  f i g .  83.
1941 T h o ra c o s p h a e ra  h e i m i i  (Lohmann) K am ptner. N a tu rh .  Mus. W ie n . ,  
A n n .,  v o l .  5 1 ,  p .  118.
1944 T h o ra c o s p h a e ra  h e im i  (Lohmann) K am ptner.  K am ptner, O s t e r r .  B o t .
Z o o l . ,  v o l .  9 3 ,  p .  145.
1952a T h o ra c o s p h a e ra  h e im i  ( S c h i l l e r )  K am ptner. e r r .  c i t .  p ro  T. h e im i  
(Lohmann) K am ptner.  D e f l a n d r e ,  i n  G r a s s e :  T r a i t e  Z o o l . ,  v o l .
1, p t .  1 ,  p .  458 , f i g .  357.
1952b T h o ra c o s p h a e ra  h e im i  ( S c h i l l e r )  K am ptner. e r r .  c i t .  p r o .  he~tnif 
(Lohmann) K am ptner. D e f l a n d r e ,  j j i  P i v e t e a u ,  T r a i t e * P a l e o n t . ,  
v o l .  1 , p .  112, f i g .  68.
1954 T h o ra c o s p h a e ra  h e im i  (Lohmann) K am ptner. K am ptner, A rch . 
P r o t i s t e n k . ,  v o l .  100 , p p .  4 0 -4 2 ,  f i g s .  41 -4 2 .
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1954 T h o ra c o s p h a e ra  h e im i  (Lohmann) K am ptner. D e f la n d r e  ir i  D e f la n d r e  
e t  F e r t ,  Ann. P a l e o n t . ,  v o l .  4 0 ,  p .  164, t e x t - f i g s .  3 6 -3 8 .
1960 T h o ra c o s p h a e ra  h e im i  (Lohmann) K am ptner. M a r t i n i ,  N o t i z b l .  H ess .  
L andesam t.  B o d e n fo rsc h  W iesbaden , v o l .  8 8 ,  p .  8 3 ,  p i .  11, f i g .
46 .
1961 T h o ra c o sp h a e ra  h e im i  (Lohmann) K am ptner. S t r a d n e r ,  E r d o e l .  
Z i e t s c h r . ,  v o l .  77 , n o .  3 ,  p p .  8 4 ,  8 7 -8 8 ,  f i g .  75.
1964 T h o ra c o s p h a e ra  h e im i  (Lohmann) K am ptner. Cohen, M ic ro p a le o n to lo g y ,  
v o l .  10, p .  246, p i .  5 ,  f i g .  7 a -b .
1965 T h o ra c o sp h a e ra  h e im i  (Lohmann) K am ptner. Cohen, L e id s e  G eo l.
M eded .,  v o l .  3 5 ,  pp . 3 0 -3 1 ,  p i .  5 ,  f i g .  f .
1966 T h o ra c o s p h a e ra  h e im i  (Lohmann) K am ptner. S a l e s ,  A sso c .  F r a n c .
T ech .  P e t r o l . ,  v o l .  1, n o .  177, p .  49 , p i .  7 ,  f i g .  2.
1967 T h o ra c o s p h a e ra  h e im i  (Lohmann) K am ptner. Takayama, J b .  G eo l.
BA ., v o l .  110, p .  193.
1967 T h o ra c o s p h a e ra  h e im i  (Lohmann) K am ptner. K am ptner, Ann.
N a t u r h i s t o r .  Mus. W ie n . ,  v o l .  7 ,  p .  158, p i .  13 , f i g s .  8 9 -9 0 ,  
p i .  14, f i g s .  9 1 -9 2 ,  95 , p i .  17, f i g .  104.
1969 T h o ra c o s p h a e ra  h e im i  (Lohmann) K am ptner. Boudreaux e t  Hay, Rev.
E sp .  M ic ro p a le o .  v o l .  1 ,  n o .  3 ,  p .  265 , p i .  I l l ,  F i g s .  16 -19 ,  
p i .  IV, f i g .  1.
1972 T h o ra c o s p h a e ra  h e im i  (Lohmann) K am ptner. E l l i s ,  Lohmann e t  Wray,
Q u a r t .  C o lo ra d o  Sch . M in es ,  v o l .  6 7 ,  n o .  3 ,  p .  22 , p i .  4 ,  f i g s .
1- 2 .
1972 T h o ra c o s p h a e ra  h e im i  (Lohmann) K am ptner. B o r s e t t i  e t  C a t i ,  G io r .
G e o l . ,  s e r ,  2 ,  v o l .  38 , p t .  2 ,  p .  410 ,  p i .  57 , f i g .  l a - b .
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1973 T h o ra c o s p h a e ra  h e im i  (Lohmann) K am ptner. S t r a d n e r ,  I n i t .  R e p t .  
D .S .D .P .  Leg 13 , v o l .  X I I I ,  p t .  2 ,  p .  1170, p i .  30 , f i g .  4 .
R em arks. A c c o rd in g  to  B oudreaux and Hay (1969) T h o ra c o sp h a e ra  
h e im i  (Lohmann) K amptner i s  t h e  o n ly  r e c e n t  n a n n o s p h e re  composed o f  
p e r f o r a t e d  p o r o l i t h s .  The i n t e r l o c k i n g ,  f u s e d  s t r u c t u r a l  e le m e n ts  
make t h i s  s p e c i e s  h i g h l y  r e s i s t a n t  t o  m e c h a n ic a l  o r  c h e m ic a l  a l t e r a t i o n .
T h o ra c o sp h a e ra  new s p e c i e s  
P l a t e  6 ,  F ig u r e s  3 -6
D e s c r i p t i o n . H o l o c c o l i t h - l i k e  s t r u c t u r e  on  p o r o l i t h  s u r f a c e  o f  
n a n n o s p h e re .
R em arks. The u l t r a s t r u c t u r e  o f  t h i s  m orphotype  i s  u n l i k e  a l l  
known T h o r a c o s p h a e r a c e a e . how ever t h e  o v e r a l l  s i z e  and sh ap e  o f  th e  
n a n n o s p h e re  and t h e  p o s i t i o n  o f  th e  a p e r a t u r e  c l o s e l y  r e s e m b le s  th o s e  
o f  th e  genus T h o ra c o s p h a e ra  K am ptner. P r o v i s i o n a l  a s s ig n m e n t  o f  t h i s  
new m orpho type  i s  made t o  T h o ra c o sp h a e ra  Kamptner u n t i l  more spec im ens  
c a n  be  s t u d i e d  t o  d e te r m in e  i f  an  a s s ig n m e n t  t o  t h e  h o l o c o c c o l i t h  
f a m i ly  C a l y p t r o s p h a e r a c e a e  Boudreaux and Hay 1969 i s  w a r r a n t e d .
Genus T e s s e l l a t o l i t h u s  Haq 1968 
1968 T e s s e l l a t o l i t h u s  Haq. S tockho lm . C o n t.  G e o l . ,  v o l .  18 , n o .  2 , 
p .  44 .
Type S p e c ie s :  T e s s e l l a t o l i t h u s  d e n t a t u s  Haq 1968.
Rem arks. C o cco sp h e re s  c o n s t r u c t e d  o f  n o n - s p h e r i c a l  o r  i r r e g u l a r l y -  
sh ap ed  c r e n u l a t e  p o ly g o n s  l o o s e l y  f i t t i n g  i n t o  m osaic  p a t t e r n s  w ere  
a s s ig n e d  t o  t h i s  g en u s .
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T e s s e l l a t o l i t h u s  d e n t a t u s  Haq 1968 
P l a t e  5 ,  F ig u r e  10 
1968 T e s s e l l a t o l i t h u s  d e n t a t u s  Haq. S tockho lm  C o n t.  G e o l . ,  v o l .  18, 
no .  2 ,  p p .  4 4 -4 5 ,  p i .  X, f i g s .  3 - 4 .
1973 T e s s e l l a t o l i t h u s  d e n t a t u s  Haq. S t r a d n e r ,  I n i t .  R e p t .  D .S .D .P .
Leg 13 , v o l .  13, p t .  2 , p .  1170, p i .  30 , f i g .  3.
Rem arks. No w ho le  o r  c o m p le te  sp ec im en s  o f  t h i s  ta x o n  w ere  found  
i n  t h e  G u lf  b o t to m  s e d im e n t  d e p o s i t s .  A c co rd in g  to  Haq (1968) and 
S t r a d n e r  (1973) t h i s  s p e c i e s  i s  r e s t r i c t e d  to  t h e  p a le o g e n e  and i s  
h e r e i n  c o n s id e r e d  r e w o rk e d .
F a m i l i a  RHABDOSPHAERACEAE Lemmermann 1908 
D e f i n i t i o n . C o c c o l i t h o p h y te s  b e a r i n g  r a b d o l i t h s ,  w hich  may be 
c l u b ,  n a i l ,  o r  t r u m p e t  sh a p e d .
S u b f a m i l i a  RHABD0SPHAER0IDEAE Kamptner 1928 
emend. B oudreaux  e t  Hay 1969 
D e f i n i t i o n . C o c c o l i t h o p h y te s  b e a r i n g  c lu b  o r  n a i l - s h a p e d  
r h a b d o l i t h s .
Genus R h abdosphaera  H aeck e l  1894 
1870 R h a b d o l i th e s  S chm id t.  Akad. W iss .  W ien, S i t z u n g s b e r . , M a th .-  
N a tu r w is s .  K l . ,  v o l .  62 , A b t .  1, h e f t .  10, p .  680.
1894 R h abdosphaera  H a e c k e l .  S y s te m a t i s c h e  P h y lo g e n ie  d e r .  P r o t i s t e n  
u .  P f l a n z e n ,  v o l .  1 , p .  I l l ,
1949 R h a b d o l i th u s  K am ptner. O s t e r r .  Akad. W i s s . ,  M a th . - N a tu r w is s .  K l . ,
Anz. v o l .  8 6 ,  n o .  4 ,  p .  78 . (nom. n u d . ) .
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1952 Khabdolithus Kamptner ex Deflandre. In Grasse: Traite Zool.,
v o l .  1, n o .  1 ,  p .  466.
Type S p e c i e s : R h ab d o sp h aera  c l a v i g e r a  M urray e t  Blackman 1898.
R em arks. See Hay e t  Towe (1 9 6 2 ,  p .  504) f o r  t h e  ty p e  d e s i g n a t i o n  
o f  R h a b d o sp h a e ra . See a l s o  L o e b l i c h  e t  Tappan (1963) f o r  a  c o m p le te  
d i s c u s s i o n  o f  t h e  ty p e  f i x a t i o n  and v a l i d a t i o n  o f  t h i s  g en u s .
R h a b d o l i th s  w i th  a  c i r c u l a r  b a s e  w hich  i s  c o n s t r u c t e d  o f  s e v e r a l  c y c l e s  
o f  numerous e le m e n ts  w ere  a s s ig n e d  t o  t h i s  g en u s .
R h ab d o sp h ae ra  c l a v i g e r a  M urray e t  Blackman 1898 
P l a t e  7 ,  F ig u r e s  1-5  
1874 " R h a b d o l i th s "  M urray , i n  Thomson, P r o c .  Roy. Soc. London, v o l .
1 .2 3 ,  p .  38 , p i .  3 ,  f i g .  3 .
1885 "R habdosphere"  (p a r t im )  M urray , dji T i z a r d ,  M ose ley , Buchanan, e t  
M urray , N a r r a t i v e  o f  C r u is e  o f  H.M.S. C h a l l e n g e r ,  v o l .  1, p t .  2 ,  
p . 939, f i g .  340a.
1897 "R habdosphere"  M urray e t  Blackman. N a tu r e ,  v o l .  55 , n o .  1431, 
pp . 5 1 0 -5 1 1 ,  f i g s .  l a ,  2 b -c .
1898 R h abdosphaera  c l a v i g e r  M urray e t  Blackman. Roy. Soc. London,
P h i l .  T r a n s . ,  v o l .  190 (B ) ,  pp . 4 3 8 -4 3 9 , p i .  15, f i g s .  13 -1 5 .
1899 R habdosphaera  m u r r a y i  O s t e n f e l d .  Z o o l .  A n z e ig e r ,  p .  436.
1900 R habdosphaera  m u r r a y i  O s t e n f e l d .  O s t e n f e l d ,  Z o o l .  A n z e ig e r ,
p .  200.
1902 R h abdosphaera  c l a v i g e r  M urray e t  B lackm an. Lohmann, A rch .
P r o t i s t e n k . ,  v o l .  1 , p p .  142-143 , p i .  5 ,  f i g .  51.
1902 R h a b d o l i th e s  c l a v i g e r  (M urray e t  Blackman) V oeltzkow . Abh.
Senckenb . N a t u r f .  G e s . ,  v o l .  26 , p .  493.
1908 Rhabdosphaera claviger Murray et Blackman. Lemmermann, Nord.
P l a n k t . , v o l .  21 , p .  XXI40, f i g s .  133-134 .
1912 R h ab d o sp h aera  c l a v i g e r  M urray e t  Blackm an. Lohmann, I n t e r .  R e v . ,
p .  228 , t e x t - f i g .  8 b .
1912 R h abdosphaera  c l a v i g e r  M urray e t  B lackm an. M urray e t  H jo r t  i n  
th e  D epths  o f  t h e  O cean s ,  M acm illan  Co. P u b . ,  p .  145, t e x t - f i g .  
109.
1913 R habdosphaera  c l a v i g e r  M urray  e t  Blackm an. Lohmann, V erh .
D e u tsc h .  Z o o l .  G e s . ,  v o l .  2 3 ,  p .  145, t e x t - f i g .  2d , p .  148,
t e x t - f i g .  5b.
1925 R habdosphaera  c l a v i g e r  M urray e t  Blackman, S c h i l l e r ,  A rch .
P r o t i s t e n k . ,  v o l .  5 1 ,  p .  38 , p i .  4 ,  f i g s .  3 6 a -b .
1927 R habdosphaera  c l a v i g e r  M urray e t  Blackman. K am ptner,  A rch .
P r o t i s t e n k . ,  v o l .  16 , p .  177.
1930 R habdosphaera  c l a v i g e r  M urray e t  B lackm an. S c h i l l e r ,  i n
R a b e n h o rs t :  K ryp togam m en-F lo ra ,  v o l .  10, p p .  25 2 -2 5 3 , t e x t - f i g .
1 3 2 a -c .
1944 R habdosphaera  c l a v i g e r a  M urray e t  Blackman. K am ptner, O e s t e r r .
B o t .  Z e i t s c h r . ,  v o l .  9 3 ,  p .  140.
1951 R h abdosphaera  c l a v i g e r  M urray e t  Blackman. L e c a l - S c h l a u d e r ,
Ann. I n s t i t .  O c e a n o g r . ,  v o l .  26 , n o .  3 ,  p .  301 , t e x t - f l g s .  2 7 a -b ,
p .  362 , p i .  13, f i g .  5 a .
1952a R h abdosphaera  c l a v i g e r  M urray e t  B lackm an. D e f l a n d r e ,  i n  G ra s s e ,
T r a i t e  Z o o l . ,  v o l .  1 ,  p .  444 ,  f i g .  3431 .
1952b R habdosphaera  c l a v i g e r  M urray e t  Blackman. D e f l a n d r e ,  i n
P i v e t e a u ,  T r a i t e  P a l e o n t o . ,  v o l .  1 ,  p .  110, f i g .  4 6 .
1954 Rhabdosphaera claviger Murray et Blackman. Deflandre, In
D e f la n d re  e t  F e r t ,  Ann. P a l . ,  v o l .  4 0 , p . 156, p i .  10, f i g s .  
1 4 -1 6 .
1954 R habdoB phaera c l a v i g e r  M urray e t  B lackm an. K am ptner, A rch . 
P r o t i s t e n k . ,  v o l .  100, pp . 3 4 -3 8 , t e x t - f i g s .  3 8 -3 9 .
1955 R h ab d o sp h aera  c l a v ig e r  M urray e t  B lackm an. G a rd e t ,  P u b l.  S e rv . 
C a r te  G eo l. A lg e r i e ,  s e r .  2 , B u l l .  5 , p .  515 .
1957 R h a b d o li th u s  c l a v i g e r  (M urray e t  B lackm an) N o e l. P u b l.  S e rv . 
C a r te  G eo l. A lg e r i e ,  s e r .  2 , B u l l .  8 , p . 32 5 , p i .  4 , f i g .  28.
1964 R h ab d o sp h aera  c l a v i g e r  M urray e t  B lackm an. Cohen, M icro ­
p a l e o n to lo g y ,  v o l .  10 , p p . 2 40 , 242 , p i .  5 ,  f i g s .  2 a -g ,  p i .  6 , 
f i g .  1.
1965a R h ab d o sp h aera  c l a v i g e r  M urray e t  B lackm an. C ohen, G eo l. en  M ijn .
v o l .  5 5 , p .  34 3 , p i .  I l l ,
1965b R h ab d o sp h aera  c l a v i g e r  M urray e t  B lackm an. Cohen, L e id s e  G eo l. 
M ed ed ., v o l .  3 5 , p .  2 2 , p i .  3 ,  f i g s .  a - c ,  p i .  2 2 , f i g s .  a - b ,  
p i .  2 3 , f i g .  3 .
1965 R h ab d o sp h aera  c l a v i g e r  M urray  e t  B lackm an. B la c k , E n deavour, 
v o l .  14 , n o . 9 3 , p .  135 , f i g .  2 5 .
1967 R h ab d o sp h aera  c l a v i g e r a  M urray e t  B lackm an. H ay, M o h le r, R o th ,
S c h m id t, e t  B o u d reau x , T ra n s . G u lf C o as t A sso c . G eo l, S o c . ,  v o l .  
17 , p i s .  1 0 -1 1 , f i g .  4 .
1967 R h ab d o sp h aera  c l a v i g e r  M urray  e t  B lackm an. K am ptner, Ann. 
N a t u r h i s t o r .  Mus. W ie n ., v o l .  7 1 , p p . 1 4 4 -1 4 5 , p i .  7 , f i g s .  51 , 
5 3 , p i .  8 ,  f i g .  5 5 .
1968 R h ab d o sp h aera  c l a v i g e r a  M urray e t  B lackm an. Cohen e t  R e in h a rd t ,  
N. J b .  G eo l. F a la o n t .  A b h ., v o l .  131 , n o . 3 ,  p p . 2 9 2 -2 9 3 , p i .  19
244
figs. 18, 22, pi. 20, figs. 6-7, pi. 21, fig. 4.
1969 R h ab d o sp h aera  c l a v ig e r a  M urray e t  B lackm an. B oudreaux e t  Hay,
Rev. E sp . M lc r o p a le o . ,  v o l .  1 , n o . 3 , p p . 266 , 269 , p i .  IV , 
f i g s .  6 -1 0 .
1970 R h ab d o sp h aera  c l a v i g e r  M urray e t  B lackm an. B a r t o l i n i ,  M icro ­
p a le o n to lo g y ,  v o l .  16, p p . 142 , 144, p i .  6 , f i g s .  8 -9 ,  p i .  7 , 
f i g s .  3 -5 .
1971 R h ab d o sp h aera  c l a v i g e r a  M urray e t  B lackm an. B ukry , T ra n s .  San 
D iego  S o c . N a t, H i s t . ,  v o l .  16, n o . 14 , p .  309 , p i .  1 , f i g ,  3 .
1971 R h ab d o sp h aera  c l a v i g e r  M urray e t  B lackm an. B la c k , i n  F u n n e l l  e t  
R ie d e l  ( e d s . ) :  The M ic ro p a le o n to lo g y  o f  O cean s , Camb. U n iv .
P r e s s ,  p .  62 2 , p i .  4 5 .2 ,  f i g s .  19 -2 0 .
1971 R h ab d o sp h aera  c l a v i g e r  M urray e t  B lackm an. G a a rd e r  e t  H a s le ,
B u l l .  M ar. S c i . , v o l .  21 , n o . 2 , p .  53 6 , f i g .  11.
1971 R h ab d o sp h aera  c l a v i g e r a  M urray e t  B lackm an. B u k ry , I n i t .  R e p t. 
D .S .D .P . Leg 6 , v o l .  V I . ,  p .  991 , f i g .  4 .
1972 R h ab d o sp h aera  c l a v i g e r a  M urray e t  B lackm an. E l l i s ,  Lohman, e t  
W ray, Q u a r t .  C o lo ra d o  Sch. M in es , v o l .  6 7 , n o . 3 , p . 2 6 , p i .  5 , 
f i g .  2 .
1972 R h ab d o sp h aera  c l a v i g e r  M urray e t  B lackm an. B o r s e t t i  e t  C a t i ,
G io r .  G e o l . ,  s e r .  2 , v o l .  3 8 , p t .  2 , p p . 4 0 7 -4 0 9 , p i .  4 5 , f i g s .
2- 6 .
1973 R h ab d o sp h aera  c l a v ig e r a  M urray e t  B lackm an. S t r a d n e r ,  I n i t .  R e p t. 
D .S .D .P . Leg 13 , v o l .  X I I I ,  p t .  2 , p . 1167, p i ,  2 7 , f i g s .  1 -5 .
R em arks. R h a b d o l i th s  w ith  b a s a l  p l a t e s  b e a r in g  s t r a i g h t  p e r f o r a t e
c lu b -s h a p e d  p r o j e c t i o n s  a t  th e  c e n t e r  o f  th e  d i s t a l  s u r f a c e  w ere  i n ­
c lu d e d  i n  t h i s  s p e c i e s .  The p r o j e c t i o n  t e r m in i  w ere  f l a t  o r  f l a i r i n g
without sculpture.
R h ab d o sp h aera  s t y l i f e r a  Lohmann 1902 
P l a t e  7 , F ig u re s  6 -12  
1902 R habdosphaera  s t y l i f e r  Lohmann. A rch . P r o t i s t e n k . ,  v o l .  1 , p .
143, p i .  5 , f i g .  65 .
1908 R habd o sp h aera  s t y l i f e r  Lohmann. Lemmermann, N ord . P l a n k t . , v o l .
21 , p . XXI40, f i g .  135.
1913 R habd o sp h aera  s t y l i f e r  Lohmann. Lohmann, V erh . D e u tsc h . Z o o l.
G es, v o l .  23 , p . 148 , t e x t - f i g .  54 .
1927 R h ab d o sp h aera  s t y l i f e r  Lohmann. K am ptner, A rch . P r o t i s t e n k . ,
v o l .  16, p . 177.
1930 R h ab d o sp h aera  s t y l i f e r  Lohmann. S c h i l l e r ,  i n  R a b e n h o rs t:
K ry p togam m en-F lo ra , v o l .  10 , n o . 2 , pp . 2 5 0 -2 5 1 , f i g .  129.
1935 R h ab d o sp h aera  s t y l i f e r a  Lohmann. G ran e t  B ra a ru d , J o u r .  B io l .
B rd . C anada , v o l .  1 , p .  389 .
1937 R habd o sp h aera  s t y l i f e r  Lohmann v a r .  c a p i t e l l i f e r a  K am ptner. A rch 
P r o t i s t e n k . ,  v o l .  8 9 , p .  31 3 , p i .  17, f i g s .  4 3 -4 5 .
1941 R habdosphaera  s t y l i f e r  Lohmann. K am ptner, N a tu r h i s t .  Mus. W ien, 
A n n ., v o l .  5 1 , p .  15, f i g s .  1 4 8 -149 , p .  115.
1955 R habd o sp h aera  s t y l i f e r  Lohmann. H a l ld a l  e t  M a rk a li ,  A rh . N orske 
V id .-A k ad . O s lo , M a t.-N a tu rv . K l. 1955, n o . 1 , p .  16 , p i .  XX. 
1955 R h abdosphaera  s t y l i f e r  Lohmann. K am ptner, K. N e d r l .  A kad.
W e te n s c h . , - V e r h . , s e r .  2 , v o l .  5 0 , n o . 2 , p p . 3 7 -3 8 , f i g .  106. 
1961 D is c o l i th u s  p h a s e o lu s  B la ck  e t  B a rn e s . J .  Roy. M ic. S o c . ,  v o l .
8 0 , p t .  2 , p .  144, p i .  2 6 , f i g s .  1 -4 .
1963 D is c o l i th u s  p h a s e o lu s  B la ck  e t  B a rn e s . B la c k , P ro c . L in n ean  S oc.
S e s s .  174, p t .  1 , p .  4 4 , p i .  1 , f i g .  6 .
1964 R h ab d o sp h aera  s t y l i f e r  Lohmann. Cohen, M ic ro p a le o n to lo g y , 
v o l .  10 , p i .  5 , f i g .  1 , p i .  6 , f i g .  2 .
1965a R h ab d o sp h aera  s t y l i f e r  Lohman. Cohen, G eo l. en  M i j n . , v o l .  5 5 , 
p .  338 , p i .  1 , f i g .  B.
1965 R habd o sp h aera  s t y l i f e r  Lohmann. C ohen, L e id s e  G e o l. M eded .,
v o l .  35 , p p . 2 2 -2 3 , p i .  3 , f i g s .  d - f ,  p i .  2 1 , f i g s .  e - f ,  p i .  23 , 
f i g s .  c -d .
1966 D is c o l i th u s  p h a s e o lu s  B la ck  e t  B a rn e s . S a le s ,  A sso c . F ra n c . T ech . 
P e t r o l . ,  v o l .  1 , n o . 177 , p .  4 7 , p i .  3 , f i g .  6 .
1967 R habd o sp h aera  s t y l i f e r a  Lohmann. M c In ty re  e t  B e, D eep-Sea R e s . ,
v o l .  14 , p .  5 67 , p i .  4 , f i g s .  A-C.
1967 R habd o sp h aera  s t y l i f e r  Lohmann. Takayam a, J b .  G eo l. B .A ., v o l .
110, p p . 1 9 2 -1 9 3 , p i .  1 , f i g .  6.
1967 R h ab d o sp h aera  s t y l i f e r  Lohmann. K am ptner, Ann. N a tu r h i s t o r .
Mus. W ien, v o l .  7 1 , p p . 145 -1 4 6 , p i .  7 , f i g .  5 4 , p i .  8 ,  f i g s .  
5 6 -5 8 .
1967 D is c o l i th u s  p i r e n u s  K am ptner. Ann. N a tu r h i s t o r .  Mus. W ien, v o l .
71 , p .  136 , p i .  5 , f i g .  33 .
1969 A sp id o rh a b d u s  s t y l i f e r  (Lohmann) B oudreaux e t  H ay, Rev. E sp .
M ic r o p a le o . ,  v o l .  1 , n o . 3 , p p . 2 6 9 -2 7 0 , p i .  IV , f i g s .  1 1 -1 5 .
1970 R h ab d o sp h aera  s t y l i f e r a  Lohmann. O kada, B u l l .  G eo l. S oc. J a p a n ,
v o l .  76 , p .  5 44 , p i .  1 , f i g .  6 .
1972 A sp id o rh ab d u s  s t y l i f e r  (Lohmann) B oudreaux  e t  Hay. E l l i s ,  Lohman
e t  W ray, Q u a r t .  C o lo rad o  S ch . M in es , v o l .  6 7 , n o . 3 , p . 24 , p i .
4, fig. 4.
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1973 Rhabdosphaera stylifera Lohmann. Stradner, Init. Rept. D.S.D.P.
L eg. 13, v o l .  X I I I ,  p t .  2 , p .  1166, p i .  26 , f i g s .  1 -4 .
R em arks. In  th e  l i g h t  m ic ro sc o p e , _R. s t y l i f e r  a p p e a rs  to  la c k  a  
h o llo w  c a n a l  th ro u g h  th e  s tem  w hich  i s  c h a r a c t e r i s t i c  f o r  R. c l a v i g e r a . 
M c In ty re  and Be (1967) found "no  r e a l  s y s te m a t ic  o r  z o o g e o g ra p h ic  
d i f f e r e n c e s  be tw een  R. s t y l i f e r a  and R. c l a v i g e r a " , and t h e r e f o r e  
r e f e r r e d  a l l  s p e c ie s  o f  R habd o sp h aera  to  R. s t y l i f e r a . T h e ir  
e le c tro n p h o to m ic ro g ra p h s  i l l u s t r a t e  th e  w r i t e r ' s  c o n c e p t o f  R. 
s t y l i f e r a  o n ly .  R. s t y l i f e r a  p o s s e s s e s  a stem  w i th  p a r a l l e l  s i d e s  
w hich  te r m in a te s  i n t o  fo u r  b l a d e - l i k e  e x te n s io n s  a t  th e  d i s t a l  end 
w h ereas  R. c l a v ig e r a  p o s s e s s e s  a s tem  w ith  n o n - p a r a l l e l  s id e s  w hich  
te r m in a te s  a s  a  s im p le ,  b lo u n t  t i p .  As M c In ty re  and Be (1967) have 
p u b lis h e d  a p h o to m ic ro g ra p h  show ing a c o c c o sp h e re  o f  R h abdosphaera  
s t y l i f e r a  w i th  c o c c o l i t h s  o f  D is c o l i th u s  p h a s e o lu s  c l e a r l y  p a r t  o f  i t ,  
t h e r e  i s  l i t t l e  d o u b t t h a t  th e  two ta x a  sh o u ld  be  t r e a t e d  a s  o n e , 
b i o l o g i c a l l y .
S u b fa m ilia  DISCOPHAEROIDEAE B oudreaux  e t  Hay 1969 
D e f i n i t i o n . C o c c o l i th o p h y te s  b e a r in g  tu b e  o r  tru m p e t-sh a p e d  
r h a b d o l i t h s .
Genus D isc o s p h a e ra  H aeck e l 1894 
1894 D is c o s p h a e ra  H a e c k e l, S y s te m a tls c h e  P h y lo g e n ic e  d .  P r o t i s t e n  u .
P f la n z e n ,  v o l .  1 , p . 111.
Type S p e c ie s :  D is c o s p h a e ra  th o m so n i O s te n f e ld .  1899.
R em arks. A cco rd in g  to  O s te n f e ld ,  1900, p .  200 D is c o s p h a e ra  
thom so n i = D is c o s p h a e ra  t u b i f e r a  (M urray e t  B lackm an) Lohmann. The
p r e s e n t  w r i t e r  was u n a b le  to  o b ta in  m a t e r i a l  o r  p h o to g ra p h s  o f  I). 
th o m so n i f o r  c o m p a riso n s .
D is c o s p h a e ra  t u b i f e r a  (M urray e t  B lackm an) O s te n fe ld  1900
P l a t e  8 , F ig u re s  1 -6
1897 "R h a b d o sp h e re " , M urray e t  B lackm an. N a tu re ,  v o l .  5 5 , 1431 , p p . 
5 1 0 -5 1 1 , f i g s .  2 , D -F.
1898 R habd o sp h aera  t u b i f e r  M urray e t  B lackm an. P h i l .  T ra n s .  Roy.
S o c . ,  v o l .  1 9 0 (B ), p p . 4 3 8 -4 3 9 , p i .  15 , f i g s .  8 -1 0 .
1900 D is c o s p h a e ra  t u b i f e r  (M urray e t  B lackm an) O s te n f e ld ,  Z o o l. A n z ., 
v o l .  23 , p . 200.
1902 D is c o s p h a e ra  t u b i f e r  (M urray e t  B lackm an) Lohmann. A rch .
P r o t i s t e n k . ,  v o l .  l c ,  p p . 1 4 1 -1 4 2 , p i .  5 , f i g s .  4 6 -4 8 , 50 .
1908 D is c o s p h a e ra  t u b i f e r  (M urray e t  B lackm an) O s te n f e ld .  N ord .
P l a n k t . , v o l .  21 , p .  XXI40, f i g .  132.
1913 D is c o s p h a e ra  t u b i f e r  (M urray e t  B lackm an) Lohmann. Lohmann, V erh 
D e u tsc h . Z o o l. G e s .,  v o l .  2 3 , p . 145 , t e x t - f i g .  2 e , p . 148, t e x t  
f i g s .  6 a -c .
1927 D is c o s p h a e ra  t u b i f e r  (M urray e t  B lackm an) Lohmann. K am ptner, 
A rch . P r o t i s t e n k . ,  v o l .  5 8 , p p . 1 7 5 -1 7 7 , t e x t - f i g .  1.
1930 D is c o s p h a e ra  t u b i f e r  (M urray e t  B lackm an) Lohmann. S c h i l l e r ,
i n  R a b e n h o rs t:  K ryp togam m en-F lo ra , v o l .  1 0 , p p . 132 , 254 , t e x t -
f i g .  45 .
1952 D is c o s p h a e ra  t u b i f e r  (M urray e t  B lackm an) Lohmann. D e f la n d re ,
Ln Grasse": T r a i t e  Z o o l . ,  v o l .  1 , p t .  1 , p .  45 6 , t e x t - f i g .  3 5 4 j.
1955 D is c o s p h a e ra  t u b i f e r  (M urray e t  B lackm an) Lohmann. H a l ld a l  e t  
M a rk a l i ,  Avh, N o rsk e . V id-A kad. O s lo , M a t.-N a tu rv . K l. 1955,
249
no. 1, p. 17, pi. XXII.
1964 D is c o s p h a e ra  t u b i f e r  (M urray e t  B lackm an) Lohmann. Cohen, 
M ic ro p a le o n to lo g y ,  v o l .  10 , p p . 242 , 24 4 , p i ,  5 , f i g s .  3 a - c ,  
p i .  6 , f i g s .  3 a - e .
1965 D is c o s p h a e ra  t u b i f e r  (M urray e t  B lackm an) Lohmann. C ohen, L e id s e  
G eo l. M eded ., v o l .  35 , p . 2 4 , p i .  3 , f i g .  g - i ,  p i .  2 3 , f i g .  a .
1967 D is c o s p h a e ra  t u b i f e r  (M urray e t  B lackm an) O s te n f e ld .  K am ptner,
Ann. N a tu r h i s t o r .  Mus. W ien, v o l .  71 , p p . 138 -1 4 0 , p i .  5 , 
f i g s .  3 6 -3 7 , p i .  6 , f i g s .  3 8 -4 0 , 4 2 , 4 4 .
1967 D is c o s p h a e ra  t u b i f e r a  (M urray e t  B lackm an) Lohmann. M c In ty re  e t
B e, D eep-S ea R e s . ,  v o l .  14 , p .  5 6 6 , p i .  1 , f i g s .  A-C.
1970 D is c o s p h a e ra  t u b l f e r a  (M urray e t  B lackm an) Lohmann. O kada, B u l l .
G eo l. Soc. J a p a n , v o l .  7 6 , p . 5 4 4 , p i .  1 , f i g .  7 .
1971 D is c o s p h a e ra  t u b i f e r  (M urray e t  B lackm an) O s te n f e ld .  G aa rd e r e t
H a s le ,  B u l l .  M ar. S c i . , v o l .  21 , n o . 2 , p .  ^ 3 ,  f i g .  8 .
1972 D is c o s p h a e ra  t u b i f e r a  (M urray e t  B lackm an) Lohmann. B o t s e t t i  e t  
C a t i ,  G io r .  G e o l . ,  s e r .  2 , v o l .  3 8 , p t .  2 , p .  40 7 , p i .  54 , 
f i g .  3 a -b .
R em arks. The p r e s e r v a t i o n  o f  t h i s  s p e c ie s  was e x tre m e ly  p o o r 
b e c a u se  th e  s a lp in g i f o r m  p r o j e c t i o n  w as u s u a l l y  s e p a r a te d  from  i t s  
b a s a l  p l a t e .
F a m il ia  WATZNAURIACEAE Rood, Hay e t  B a rn a rd  1971 
D e f i n i t i o n . C o c c o l i th o p h y te s  b e a r in g  e l l i p t i c a l  o r  c i r c u l a r  
c o c c o l i t h s  h a v in g  a  c o c c o l i t h i d  rim  w i th  e le m e n ts  o r i e n t e d  so  t h a t  b o th  
s h i e l d s  p ro d u c e  an  i n t e r f e r e n c e  f i g u r e  be tw een  c ro s s e d  p o l a r i z e r s .
R em arks. N oel (1965) p ro p o se d  th e  F am ily  ELLIPSAGELOSPHAERACEAE,
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b u t  b e c a u se  th e  ty p e  gen u s E l l ip s a g e lo s p h a e r a  N oel 1965 i s  a j u n i o r  
synonym o f  W a tz a u r ia  R e in h a r d t ,  1964, th e  ta x o n  WATZNAURIACEAE was 
p ro p o sed  by Rood e t  a l  (1971) a s  a  r e p la c e m e n t.  S in c e  th e  g e n e ra  
A c tin o s p h a e ra  N oel 1965 and C a l o l i t h u s  N oel 1965 a r e  c o n s id e re d  f r a g ­
m ents o f  W a tz n a u r ia , and th e r e f o r e  a l s o  j u n i o r  synonym s, n e i t h e r  th e  
su b fa m ily  ACTINOSPHAEROIDEAE N oel 1965, n o r  th e  s u b fa m ily  
ELLIPSAGELOSPHAEROIDEAE N oel 1965 i s  re c o g n iz e d  h e r e i n .
Genus W a tz n a u r ia  R e in h a rd t  1964 
1964 C o l v i l l e a  B la c k . P a le o n to lo g y ,  v o l .  7 ,  p t .  2 , p p . 3 1 0 -3 1 1 .
1964 W a tz n a u e r ia  R e in h a r d t .  M onats . D e u tsc h . Akad. W iss. B e r l i n ,  v o l .  
6 , 753 .
1965 E l l ip s a g e lo s p h a e r a  N o e l. Cah. M ic r o p a le o . ,  s e r .  1 , n o . 1 , p .  7 .
1965 A c tin o s p h a e ra  N o e l. Cah. M ic r o p a le o . ,  s e r .  1 , n o . 1 , p .  9 .
1965 C a lo l i t h u s  N o e l. Cah. M ic r o p a le o . ,  s e r .  1 , n o . 1, p .  9 .
1966 M a s lo v e l la  L o e b l ic h  e t  T appan . T axon , v o l .  15, p . 4 3 .
Type S p e c ie s :  W a tz n a u ria  a n g u s t o r a l i s  R e in h a rd t  1964.
R em arks. Rood e t  a l  (1971) p r e s e n t  th e  synonomy o f  t h i s  g e n u s . 
E l l i p t i c a l  c o c c o l i t h s  w ith  a c o c c o l i t h i d  r im  and one o r  more c y c l e s  o f  
e le m e n ts  w i th in  th e  c e n t r a l  a r e a  o f  th e  d i s t a l  s h i e l d  w ere  a s s ig n e d  to  
t h i s  g e n u s .
W a tz n a u ria  s p .
P l a t e  8 , F ig u re  7 
R em arks. The p o o r  p r e s e r v a t i o n  o f  sp ec im en s o f  t h i s  gen u s en ­
c o u n te re d  i n  b o tto m  s e d im e n ts  from  th e  G u lf o f  M exico p r e v e n te d  th e  
w r i t e r  from  m aking p o s i t i v e  s p e c i f i c  i d e n t i f i c a t i o n s .  H ow ever, th e
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i l l u s t r a t e d  sp ec im en  c l e a r l y  d i s p la y s  th e  c o c c o l i t h i d  r im  w ith  a t  
l e a s t  one c y c le  o f  e le m e n ts  w i th i n  th e  c e n t r a l  a r e a .  The known ra n g e  
o f  t h i s  genus from  O x fo rd ia n  to  M a a s t r ic h t ia n  s u g g e s ts  i t  i s  a  rew orked  
com ponent o f  th e  m odern n a n n o f lo r a  w here found  in  b o tto m  s e d im e n ts .
Ordo EIFFELLITHALES Rood, Hay e t  B a rn a rd  1971 
D e f i n i t i o n . C o c c o l i th o p h y te s  b e a r in g  c o c c o l i t h s  w ith  a s im p le  
m a rg in a l  a r e a  ( e i f f e l l i t h a l i d  rim ) c o n s i s t i n g  s o l e l y  o f  a  d o u b le  c y c le  
o f  e le m e n ts ;  th e  two c y c le s  a r e  su p e rp o se d  i n  su ch  a  way t h a t  th e y
a p p e a r  a s  a  s i n g l e  c y c le  in  m ost p ro x im a l and d i s t a l  v ie w s , a  s u tu r e
v i s i b l e  o n ly  on th e  in n e r  s u r f a c e  o f  th e  c i r c l e t ,  f a c in g  th e  c e n t r a l
a r e a .  C e n t r a l  s t r u c t u r e s  a r e  v a r i a b l e ,  c o n s i s t i n g  o f  a c r o s s ,  b a r ,
l a t h ,  o r  m ore com plex f e a t u r e  w h ich  may be p o r a te  o r  su rm oun ted  by a 
s p in e .
F a m il ia  AHMUELLERELLACEAE R e in h a rd t  1965 
D e f i n i t i o n . C o c c o l i th o p h y te s  b e a r in g  c o c c o l i t h s  w i th  an  
e i f f e l l i t h a l i d  r im  h a v in g  a  c e n t r a l  s t r u c t u r e  c o n s i s t i n g  o f  a  c r o s s
a l ig n e d  in  th e  m a jo r  and m ino r a x e s  o f  th e  e l l i p s e .
Genus V e k s h in e l la  L o e b lic h  e t  Tappan 1963 
1798 NON E phlppium  B o lte n  (M o llu s c a ) .
1805 NON E phippium  L a t r e i l l e  ( D i p t e r a ) .
1825 NON E phippium  Blume (A n g eo sp erm ae).
1959 E phippium  V e k sh in a . SNIIGXMS, T ru d y , v o l .  2 , p p . 6 3 , 6 9 .
1963 V e k s h in e l la  L o e b lic h  e t  T appan , P ro c . B io l .  Soc. W ash ., v o l .  76 , 
p . 194.
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1969 V a l g a l a p l l l a  B ukry . U n iv . K ansas P a le o .  C o n t r . ,  A r t .  5 1 ,
( P r o t i s t a  2 ) ,  p .  55 .
Type S p e c ie s :  V e k s h in e l la  a c u t i f e r r a  (V ek sh in a ) L o e h l ic h  e t  Tappan
1963.
R em arks. C o c c o l i th s  h a v in g  a n  e l f f e l l i t h a l i d  r im  and a  c e n t r a l  
a r e a  sp an n ed  by c r o s s b a r s  a l ig n e d  p a r a l l e l  to  th e  m a jo r  and m ino r ax es  
o f  th e  e l l i p s e  w ere  a s s ig n e d  to  t h i s  g e n u s . V e k s h in a 's  i l l u s t r a t i o n  o f  
th e  s id e  v iew  o f  E phippium  a c u t i f e r r a  i n d i c a t e d  th e  p r e s e n c e  o f  a 
u n iq u e ,  s l i g h t  p ro x im a l e x te n s io n  o f  t h e  tu b e .  A lth o u g h  G a r tn e r  (1968) 
d id  n o t  make s p e c i f i c  r e f e r e n c e  to  t h i s  e x te n s io n  i n  h i s  w r i t i n g s ,  
B u k ry 's  (1969) t r a n s f e r e n c e  o f  th e  genus t o  h i s  V a l g a l a p l l l a  seems 
u n n e c e s s a ry  b e c a u se  th e  p ro x im a l p r o j e c t i o n  in d i c a t e d  by V ek sh in a  h as  
b een  d e te rm in e d  to  p la y  no im p o r ta n t  r o l e  i n  th e  c o c c o l i t h  u l t r a ­
s t r u c t u r e .  F o r a  c o m p le te  d i s c u s s io n  o f  th e  taxonom y o f  t h i s  genus 
s e e  Rood, Hay, e t  B e rn a rd , 1971.
V e k s h in e l la  im b r ic a ta  G a r tn e r  1968 
P l a t e  8 , F ig u re  9
1968 V e k s h in e l la  im b r ic a ta  G a r tn e r .  K ansas U n iv . P a le o .  C o n t r . ,  n o .
48 ( P r o t i s t a  A r t .  1 ) ,  p . 3 0 , p i .  9 , f i g s .  1 6 -1 7 , p i .  13 , f i g s .  
8 a - c ,  9 a - c .
1969 V a g a la p l l l a  im b r ic a ta  im b r ic a ta  ( G a r tn e r )  B ukry . K ansas U n iv . 
P a le o .  C o n t r . ,  A r t .  51 ( P r o t i s t a  A r t .  2 ) ,  p p . 5 7 -5 8 , p i .  33 , 
f i g s .  1 -2 .
1969 V a g a la p l l l a  im b r ic a t a  e lo n g a ta  (G a r tn e r )  B ukry . K ansas U n iv .
Paleo. Contr., Art. 51 (Protista Art. 2), p. 58, pi. 33, figs.
3-4.
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1971 V e k s h in e l la  I m b r ic a ta  G a r tn e r .  Rood, Hay, e t  B e rn a rd , E c o l .  G eo l.
H e l v e t . , v o l .  6 4 , n o . 2 , p . 249 .
1972 V a g a la p l l l a  I m b r ic a ta  (G a r tn e r )  B ukry . W ilco x o n , I n i t .  R e p t.
D .S .D .P . Leg 11 , v o l .  X I, p .  44 2 , p i .  5 , f i g s .  3 -4 .
R em arks. The known ra n g e  o f  V e k s h in e l la  im b r ic a ta  from  A lb ia n  to  
Cam panian (B ukry , 1969) i n d i c a t e s  t h i s  s p e c ie s  i s  rew o rk ed  w here  found  
In  G u lf  b o tto m  sa m p le s .
V e k s h in e l la  s p .
P l a t e  8 , F ig u re  8 
R em arks. M ost sp ec im en s  o f  t h e  genus w ere  to o  p o o r ly  p re s e rv e d  
to  e n a b le  th e  w r i t e r  to  make s p e c i f i c  i d e n t i f i c a t i o n s .  G e n e r ic  id e n ­
t i f i c a t i o n  was b a se d  on th o s e  e l l i p t i c a l  c o c c o l i t h s  h a v in g  an  
e i f f e l l i t h a l i d  r im  w ith  a t  l e a s t  re m n a n ts  o f  c r o s s - b a r s  a l ig n e d  
p a r a l l e l  to  th e  m a jo r and m in o r a x e s  o f  th e  e l l i p s e .  The ra n g e  o f  t h i s  
genus from  A lb ia n  to  M a a s t r ic h t ia n  s u g g e s ts  i t  i s  rew o rk ed  w here  found  
in  M odern b o tto m  s e d im e n ts .
F a m il ia  ZYGODISCACEAE Hay e t  M ohler 1967 
D e f i n i t i o n . C o c c o l i th o p h y te s  b e a r in g  c o c c o l i t h s  w i th  an  
e i f f e l l i t h a l i d  r im  and a  com plex c e n t r a l  a r e a  d e v e lo p e d  a s  an  I - ,  X -, 
o r  H -shaped  s t r u c t u r e  u s u a l l y  t e r m in a t in g  a s  a  p r o t r u d in g  s te m .
R em arks. A lth o u g h  Hay e t  M ohler (1 9 6 7 , p . 1532) n e v e r  s t a t e d  a  
ty p e  genus f o r  ZYGODISCACEAE, i t  was assum ed to  be  Z y g o d isc u s  B ra m le t te  
e t  S u l l i v a n  1961. G a r tn e r  (1968) e r e c te d  two s u b f a m i l ie s  
PREDISCOSPHAEROIDEAE and PARHABDOLITHOIDEAE w i th in  th e  fa m ily  
RHABDOSPHAERACEAE Lemmermann 1908 w h ich  in c lu d e d  th e  v a r io u s  g e n e ra
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a s s ig n e d  to  ZYGODISCACEAE Hay e t  M o h le r. Bukry (1969) e r e c te d  a  new 
su b fa m ily  ZYGODISCOIDEAE w h ich  to g e th e r  w ith  SYRACOSPHAEROIDEAE 
K am ptner 1928 was a s s ig n e d  to  th e  f a m ily  SYRACOSPHAERACEAE Lemmermann 
1908. T hese  s u b f a m i l ie s  o f  Bukry a l s o  c o n ta in  th e  v a r io u s  g e n e ra  
a s s ig n e d  to  Hay and M o h le r 's  (1967) f a m i ly .  Bukry n e v e r  d e s ig n a te d  any  
ty p e  genus f o r  h i s  s u b fa m ily .  I n  an  e f f o r t  to  r e s o lv e  th e  s u b fa m ily  
p r i o r i t i e s  p ro b lem  f o r  th e  v a r io u s  f a m i l i e s  h e r e i n  m e n tio n e d , Rood,
Hay, and B e rn a rd  (1 9 7 1 , p .  250) r e d e f in e d  ZYGODISCACEAE Hay e t  M ohler 
to  in c lu d e  two s u b f a m i l ie s  PARHABDOLITHOIDEAE G a r tn e r  1968 and 
ZYGODISCOIDEAE Bukry 1969. However, s in c e  b o th  s u b f a m i l ie s  a s  
o r i g i n a l l y  d e f in e d  c o n ta in  t h e  same g e n e ra  i t  i s  d i f f i c u l t  to  re c o g ­
n iz e  th e  need f o r  su ch  a  s u b d iv i s io n  o f  th e  f a m i ly .  T h e r e f o re ,  th e  
p r e s e n t  w r i t e r  h a s  n o t  s u b d iv id e d  th e  f a m i ly .
Genus Z y g o d isc u s  B ra m le t te  e t  S u l l i v a n  1961 
emend. G a r tn e r  1968 
1961 Z y g o d isc u s  B ra m le t te  e t  S u l l i v a n .  M ic ro p a le o n to lo g y , v o l .  7 , 
n o . 2 , p . 148.
1968 Z y g o d isc u s  B ra m le t te  e t  S u l l i v a n ,  em end. G a r tn e r .  U n iv . K ansas 
P a le o .  C o n tr .  S e r .  48 ( P r o t i s t a  A r t .  1 ) ,  p .  31.
Type S p e c ie s :  Z y g o d isc u s  adam as B ra m le t te  e t  S u l l i v a n ,  1961.
R em arks. C o c c o l i th s  w ith  a  b a s a l  d i s c  c o n s t r u c te d  o f  a  s i n g l e  
c y c le  o f  im b r ic a te  e le m e n ts  and a  c e n t r a l  e l l i p t i c a l  o p en in g  spanned  by  
a  s i n g l e  c r o s s b a r  i n  th e  s h o r t  a x i s  o f  th e  e l l i p s e  w ere  a s s ig n e d  to  
t h i s  g e n u s .
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Zygodiscus sp.
P l a t e  8 ,  F ig u re  12 
R em arks. The s t r u c t u r a l  d e t a i l s  p r e s e n t  on th e  sp ec im en s o b se rv e d  
e n a b le d  th e  w r i t e r  to  make g e n e r ic  i d e n t i f i c a t i o n s  o n ly .  The known 
g e o lo g ic  ra n g e  o f  t h i s  genus from  V a la n g in ia n  to  D an ian  s u g g e s ts  i t  i s  
rew orked  when e n c o u n te re d  i n  M odern b o tto m  s e d im e n ts .
Genus C h ia s to z y g u s  G a r tn e r  1968 
1968 C h ia s to z y g u s  G a r tn e r .  U n iv . K ansas P a le o .  C o n tr .  S e r .  48 
( P r o t i s t a  A r t .  1) p . 26 .
Type S p e c ie s :  C h ia s to z y g u s  am phipons (B ra m le t te  e t  M a r t in i )  G a r tn e r
1968.
R em arks. C o c c o l i th s  w ith  a n  e l l i p t i c a l  b a s a l  d i s c  c o n s t r u c te d  
o f  a  s i n g l e  c y c le  o f  im b r ic a te  e le m e n ts , and  a n  open  c e n t r a l  a r e a  
sp an n ed  by  X -shaped  c r o s s b a r s  a l ig n e d  s y m m e tr ic a l ly  w ith  r e s p e c t  to  th e  
m a jo r and  m in o r a x e s  o f  th e  e l l i p s e  w ere  a s s ig n e d  to  t h i s  g en u s .
C h ia s to z y g u s  s p .
P l a t e  8 , F ig u re s  10-11 
R em arks. A lth o u g h  g e n e r ic  a s s ig n m e n ts  w ere  made th e  p r e s e r v a t io n  
o f  th e s e  rew orked  c o c c o l i t h s  was so p o o r t h a t  s p e c i f i c  i d e n t i f i c a t i o n s  
w ere  n o t  p o s s i b l e .  The known ra n g e  o f  t h i s  gen u s from  V a la n g in ia n  to  
M a a s t r i c h t i a n  s u g g e s ts  i t  i s  rew orked  i n  M odern b o tto m  s e d im e n ts .
Genus P a r h a b d o l i th u s  D e f la n d re  1952 
emend. B la ck  1972
1952 P a r h a b d o l i th u s  D e f la n d re .  i n  P . G ra s se  ( e d . ) t T r a i t e  d e  Z o o lo g le ,  
v o l .  1 , p p . 46 1 , 466 .
1972 P a r h a b d o l i th u s  D e f la n d re  emend. B la c k . P a la e o n to g r .  S oc.
(M o n o g r.) , p a r t  1 , p .  29.
Type S p e c ie s :  P a r h a b d o l i th u s  l l a s l c u s  D e f la n d re  1952.
R em arks. C o c c o l i th o p h y te s  b e a r in g  m a ss iv e  e l l i p t i c a l  c o c c o l i t h s  
c o n s t r u c te d  from  v e r t i c a l  e le m e n ts  a t ta c h e d  to  a  p la t f o r m  o f  h o r i z o n t a l  
l a m e l la e  w ith  a  s i n g l e  l a r g e  p r o t r u d in g  s p in e  w ere a s s ig n e d  to  t h i s  
g e n u s .
P a r h a b d o l i th u s  s p .
P l a t e  8 , F ig u re  13 
R em arks. P o o r p r e s e r v a t io n  o f  th e s e  rew orked  c o c c o l i t h s  p r e v e n te d  
s p e c i f i c  i d e n t i f i c a t i o n s  a l th o u g h  g e n e r ic  c h a r a c t e r i s t i c s  w e re  i d e n t i ­
f i a b l e .  The known ra n g e  o f  th e  genus from  PortlancfcLan (T i th o n ia n )  to  
M a a s t r ic h t ia n  s u g g e s ts  i t  i s  rew orked  w here  found  i n  M odern b o tto m  
s e d im e n ts .
F a m il la  SYRACOSPHAERACEAE Lemmermann 1908 
D e f i n i t i o n . C o c c o l i th o p h y te s  b e a r in g  d e l i c a t e  h e t e r o c o c c o l i t h s ,  
commonly c o n s t r u c te d  o f  l a t h s  c e n t r a l l y  and p e t a l o i d  e le m e n ts  i n  th e  
r im ; c a n e o l i t h s ,  c r i b r i l i t h s ,  c y r t o l i t h s ,  and  some d eep  l o p a d o l i t h s  
b e lo n g  in  t h i s  fa m ily  (B oudreaux  e t  Hay 1969, p .  2 7 8 ) .
R em arks. A cco rd in g  to  B oudreaux  and Hay (1969) th e  o l d e s t  known 
o c c u r re n c e  o f  a  r e p r e s e n t a t i v e  o f  t h i s  f a m ily  i s  S y ra c o s p h a e ra
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c l a t h r a t a  R oth  and  Hay and i s  r e p o r te d  from  th e  O lig o c e n e . E x p an sio n  
o f  th e  g roup  I s  f i r s t  re c o g n iz e d  d u r in g  th e  P l e i s t o c e n e  w ith  H o locene 
a s se m b la g e s  r e p r e s e n t in g  th e  m ost d i v e r s e  m o rp h o lo g ic a l develo p m en t 
known.
Genus S y ra c o s p h a e ra  Lohmann 1902 
1902 S y ra c o sp h a e ra  Lohmann. A rch . P r o t l s t e n k . , v o l .  1 , p p . 129 , 133. 
1941 E u s y ra c o s p h a e ra  K am ptner. N a t u r h i s t .  Mus. W ien, A n n ., v o l .  51 , 
p p . 73 , 82 , 101.
1960 S y ra c o rh a b d u s  L e c a l  e t  B ernhelm . S o c . H i s t .  N a t. A f r .  N ord , B u l l .  
5 1 , p . 283 .
Type S p e c ie s :  S y ra c o s p h a e ra  p u lc h ra  Lohmann, 1902.
R em arks. C o c c o l i th o p h y te s  b e a r in g  d im o rp h ic  c a n e o l i t h s ,  w ith  th e  
c i r c u m f l a g e l l a r  c a n e o l i t h s  b e a r in g  a  c e n t r a l  s p in e  and a l l  o th e r s  
u s u a l l y  b e in g  s im p le  w ere  a s s ig n e d  to  t h i s  g e n u s .
S y ra c o s p h a e ra  p u lc h ra  Lohmann 1902 
P l a t e  9 , F ig u re s  1 -9  
1902 S y ra c o s p h a e ra  p u lc h ra  Lohmann. A rch . P r o t l s t e n k . ,  v o l .  1 , p .  134, 
p i .  4 , f i g s .  33 , 3 6 , 3 6 a -b , 37 .
1908 S y ra c o s p h a e ra  p u lc h ra  Lohmann. Lemmermann, N ord. P l a n k t . ,  v o l .
21 , p .  XXI36, f i g .  118.
1913 S y ra c o s p h a e ra  p u lc h ra  Lohmann. Lohmann, V erh . D e u tsc h . Z o o l.
G e s . ,  v o l .  23 , p .  145, t e x t - f i g .  2 e .
1920 S y ra c o s p h a e ra  p u lc h ra  Lohmann. Lohmann, A rc h iv . B i o n t . ,  v o l .  14, 
p .  121, p i .  3 , f i g .  31 .
1927 S y ra c o s p h a e ra  p u lc h ra  Lohmann. K am ptner, A rch . P r o t l s t e n k . ,  v o l .
1930 Syracosphaera pulchra Lohmann. Schiller, in L. Rabenhorst:
K ryp to g am m en -F lo ra , v o l .  10, p t .  2 , p .  102 , f i g .  11, p .  120 , 
f i g .  3 0 , p p . 2 0 7 -2 0 8 , f i g s .  9 0 a -b .
1937b S y ra c o s p h a e ra  p u lc h r a  Lohmann. K am ptner, A rch . P r o t l s t e n k . ,  
v o l .  8 9 , p p . 3 0 1 -3 0 2 , p i .  15, f i g s .  12 -14 .
1941 S y ra c o s p h a e ra  p u lc h r a  Lohmann. K am ptner, N a t u r h i s t .  Mus. W ien, 
A n n ., v o l .  5 1 , p p . 8 5 -8 6 , p i .  7 , f i g s .  7 7 -7 8 , p i .  8 , f i g s .  79 - 
8 4 , p .  105.
1951 S y ra c o s p h a e ra  p u lc h ra  Lohmann. L e c a l- S c h la u d e r ,  Ann. I n s t i t .
O c e a n o g r .,  v o l .  2 6 , n o . 3 , p .  286 , t e x t - f i g s .  22 , p i .  9 , f i g s .  
1 -5 , 8 -9 .
1952a S y ra c o s p h a e ra  p u lc h r a  Lohmann. D e f la n d re ,  i n  G rasse": T r a i t e
Z o o l . ,  v o l .  1, p .  446 , f i g .  344G.
1953a " D i s c o l i t h  o f  S y ra c o s p h a e r id a e 11, D e f la n d re  e t  F e r t ,  C .R . A cad.
S c i . ,  v o l .  236 , f i g .  6 .
1953b " D i s c o l i t h  o f  S y r a c o s p h a e r id a e ."  D e f la n d re  e t  F e r t ,  B u l l .  Soc.
H i s t .  N a t.  T o u lo u se , v o l .  88 , p .  31 3 , p i .  4 , f i g .  1.
1954a S y ra c o s p h a e ra  p u lc h r a  Lohmann. K am ptner, A rch . P r o t l s t e n k . ,  
v o l .  100 , p p . 1 6 -1 7 , t e x t - f i g s .  8 -9 .
1954 S y ra c o s p h a e ra  p u lc h r a  Lohmann. D e f la n d re  e t  F e r t ,  Ann. P a l e o n t . ,  
v o l .  4 0 , f i g s .  1 , 3 , 4 .
1954b S y ra c o s p h a e ra  p u lc h r a  Lohmann. H a l ld a l  e t  M a rk a l i ,  J .  C ons. Perm . 
I n t .  E x p lo r .  M e r .,  v o l .  19 , p p . 3 3 1 -3 3 2 , f i g .  4 .
1955 S y ra c o s p h a e ra  p u lc h ra  Lohmann. H a l ld a l  e t  M a rk a l i ,  Avh. N orske  
V id .-A k a d . O s lo , M a t.-N a tu rv . K l. 1955, n o . 1 , p .  1 2 , p i .  X I.
1961 S y ra c o s p h a e ra  p u lc h r a  Lohmann. B la c k  e t  B a rn e s , J .  Roy. M ic r .
S o c . ,  v o l .  8 0 , p t .  2 ,  p .  139 , p i .  1 9 , f i g s .  1 -2 .
1965 S y ra c o s p h a e ra  p u lc h ra  Lohmann. M a r t i n i ,  P ro c .  1 7 th  Sym. C o ls to n  
R es. S o c . ,  p i .  39 , f i g .  1 .
1965a S y ra c o sp h a e ra  p u lc h ra  Lohmann. C ohen, G eo l. en  M i j n . , v o l .  55 , 
p . 338 , p i .  1 , f i g .  A.
1965b S y ra c o s p h a e ra  p u lc h ra  Lohmann. C ohen, L e id s e  G e o l. M ed ed ., v o l .
3 5 , p .  2 0 , p i .  1 2 , f i g .  d ,  p i .  1 4 , f i g s .  a - b .
1967 S y ra c o rh a b d u s  p u lc h ra  (Lohmann) L e c a l .  H y d r o b io l . ,  v o l .  24 , p p . 
3 1 5 -3 1 6 , t e x t - f i g .  11 , f i g .  15.
1967 S y ra c o sp h a e ra  p u lc h ra  Lohmann. K am ptner, Ann. N a t u r h i s t o r .  Mus. 
W ien, v o l .  71 , p .  154 , p i .  10 , f i g s .  7 5 -7 6 , p i .  13 , f i g .  88 .
1968 S y ra c o s p h a e ra  p u lc h r a  Lohmann. B la c k , P a l a e o n t . ,  v o l .  11 , p t .  5 , 
p . 804 , p i .  148, f i g .  4.
1968 S y ra c o s p h a e ra  p u lc h r a  Lohmann. Cohen e t  R e in h a r d t ,  N, J b .  G eo l. 
P a la o n t .  A b h ., v o l .  131, n o . 3 , p .  2 92 , p i .  20 , f i g .  3 .
1969 S y ra c o s p h a e ra  p u lc h ra  Lohmann. B oudreaux  e t  Hay, Rev. E sp . 
M ic ro p a le o . ,  v o l .  1, n o . 3 , p .  279 , p i .  V I I I ,  f i g s .  1 -9 .
1970 S y ra c o s p h a e ra  p u lc h ra  Lohmann. B a r t o l i n i ,  M ic ro p a le o n to lo g y ,
v o l .  16, p p . 144 , 146, p i .  8 , f i g s .  1 -3 .
1971a S y ra c o s p h a e ra  p u lc h ra  Lohmann, B ukry , I n i t .  R e p t. D .S .D .P . ,  Leg 
6 , v o l .  V I, p .  99 0 , p i .  2 , f i g .  5 .
1971b S y ra c o s p h a e ra  p u lc h ra  Lohmann. B ukry , T ra n s . San D iego  S oc. N a t.
H i s t . ,  v o l .  16, n o . 14 , p .  3 09 , p i .  1 , f i g .  1.
1972 S y ra c o sp h a e ra  p u lc h ra  Lohmann. E l l i s ,  Lohman, e t  W ray, Q u a r t .
C o lo rad o  S ch . M in es , v o l .  6 7 , n o . 3 ,  p .  34 , p i .  8 ,  f i g s .  4 -6 .
1972 S y ra c o s p h a e ra  p u lc h ra  Lohmann. B o r s e t t i  e t  C a t i ,  G io r . G e o l . ,
ser. 2, vol. 38, pt. 2, p. 402, pi. 46, figs. 2a-b.
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R em arks. An e x c e l l e n t  d e s c r i p t i o n  o f  t h i s  s p e c ie s  I s  p r e s e n te d  
by B a r t o l l n i  (1 9 7 0 , p .  1 4 4 ). The u l t r a s t r u c t u r e  o f  t h i s  c a n e o l i t h  i s  
d e l i c a t e  and w h o le , u n b ro k en  sp ec im en s a r e  r a r e .  A cco rd in g  to  M c In ty re  
and Be (1967) S.. p u lc h ra  i s  p r e s e n t l y  a  f a i r l y  r a r e  com ponent o f  l i v i n g  
n a n n o f lo r a s ,  " fo u n d  i n  s u b t r o p i c a l  to  t r a n s i t i o n a l  w a te r s . "
S y ra c o s p h a e ra  l a c t a r l a  (L e c a l)  L o e b l ic h  e t  Tappan 1968 
P l a t e  9 ,  F ig u re s  10-11 
1966a S y ra c o rh a b d u s  l a c t a r l a  L e c a l .  V ie  e t  M il ie u .  S e r .  B . ,  O c e a n o g r .,  
v o l .  16 (1 9 6 5 ) , p p . 2 5 6 -2 5 7 , p i .  6 , f i g s .  1 8 -2 1 , p i .  7 , f i g s .
2 2 -2 3 .
1968 S y ra c o s p h a e ra  l a c t a r l a  (L e c a l)  L o e b l ic h  e t  T appan . J .  P a l e o . ,  
v o l .  42 , n o . 2 , p .  591.
R em arks. S y ra c o rh a b d u s  L e c a l  e t  B ernheim  1960 was p ro p o s e d , w i th ­
o u t  a  ty p e  d e s ig n a t e d ,  a s  a  su bgenus o f  S y ra c o s p h a e ra  Lohmann 1902, 
b u t  h a s  b e e n  em ployed i n  th e  g e n e r i c  s e n s e  w h e re v e r u sed  by th e  
o r i g i n a l  a u th o r s  and  o t h e r s .  The p r e s e n t  a u th o r  c o n s id e r s  
S y ra c o rh a b d u s  L e c a l  e t  B ernheim  1960 to  b e  a  j u n i o r  synonym o f 
S y ra c o sp h a e ra  Lohmann 1902.
S y ra c o s p h a e ra  m o l i s c h i i  S c h i l l e r  1925 
P l a t e  9 ,  F ig u re s  12-13 
1925 S y ra c o s p h a e ra  m o l i s c h i i  S c h i l l e r .  A rch . P r o t l s t e n k . ,  v o l .  51 , 
p .  2 1 , f i g s .  K a -e .
1927 S y ra c o s p h a e ra  m o l i s c h i i  S c h i l l e r .  K am ptner, A rch . P r o t l s t e n k . ,  
v o l .  58, p .  179.
1930 S y ra c o s p h a e ra  m o l i s c h i i  S c h i l l e r .  S c h i l l e r ,  i n  L. R a b e n h o rs t:
K ryp togam m en-F lo ra , v o l .  10 , n o . 2 , p p . 2 0 3 -2 0 4 , f i g s .  8 7 a -d . 
1941 S y ra c o s p h a e ra  m o l is c h i  S c h i l l e r .  K am ptner, N a tu rh . Mus. W ien, 
A n n ., v o l .  51 , p .  8 4 , p i .  6 , f i g .  69 , p i .  7 , f i g s .  7 0 -7 2 .
1954b S y ra c o sp h a e ra  m o l i s c h i i  S c h i l l e r .  H a l ld a l  e t  M a rk a l i ,  J .  C ons.
Perm . I n t .  E x p lo r .  M e r .,  v o l .  19 , p p . 3 3 2 -3 3 4 , f i g .  5 .
1960 S y ra c o rh a b d u s  m o l i s c h i i  ( S c h i l l e r )  L e c a l  e t  B ernheim , Soc. H is t  
N a t. A f r .  N o rd .,  B u l l .  5 1 , p .  284 , p i .  12, p h o to s  19 -2 0 .
1970 S y ra c o s p h a e ra  m o l i s c h i i  S c h i l l e r .  B a r t o l i n l ,  M ic ro p a le o n to lo g y , 
v o l .  16, p .  144 , p i .  7 , f i g s .  7 -8 .
1972 S y ra c o s p h a e ra  m o l i s c h i i  S c h i l l e r .  B o r s e t t i  e t  C a t i ,  G io r .  G eo l. 
s e r .  2 , v o l .  38 , p t .  2 , p . 401 , p i .  4 5 , f i g s .  2 a -b .
1973 S y ra c o s p h a e ra  m o l i s c h i i  S c h i l l e r .  S t r a d n e r ,  H ., I n i t .  R e p t. 
D .S .D .P . ,  Leg 13, v o l .  X I I I ,  p t .  2 , p .  1168, p i .  28 , f i g s .  1 -6 .
R em arks. E x c e l l e n t  s c a n n in g  e le c tro n p h o to m ic ro g ra p h s  o f  £ .  
m o l i s c h i i  a r e  p r e s e n te d  by  B o r s e t t i  and  C a t i  (1 9 7 2 ) . A cco rd in g  to  
B a r t o l i n i  (1970) th e  d i s t r i b u t i o n  o f  t h i s  s p e c ie s  i s  r e s t r i c t e d  to  
th e  H o lo cen e  and i s  r a r e  in  M e d ite r ra n e a n  b o tto m  s e d im e n ts .
S y ra c o s p h a e ra  n an a  (K am ptner) n ov . comb.
P l a t e  9 ,  F ig u re  14 
1941 P o n to s p h a e ra  n an a  K am ptner. Ann. N a tu rh . W ien, v o l .  5 1 , p . 79 , 
p i .  3 , f i g s .  3 1 -3 3 .
1955 P o n to s p h a e ra  n an a  K am ptner. H a l ld a l  e t  M a rk a l i ,  A rh . N orske  V id 
A kad. O s lo , M a t.-N a tu rv . K l . ,  n o . 1 , p . 14 , p i .  15 , f i g s .  1 -4 . 
R em arks. E le c t r o n  p h o to m ic ro g ra p h s  o f  t h i s  s p e c ie s  c l e a r l y  show 
i t s  s t r u c t u r e  to  b e  a  c a n e o l i t h  w ith  l a t h  s t r u c t u r e s  i n  th e  c e n t r a l  
a r e a  and t h e r e f o r e  sh o u ld  b e  c o n s id e re d  a  s y r a c o s p h a e r id .
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S y ra c o s p h a e ra  o s s a  (L e c a l)  L o e b l ic h  e t  Tappan 1968 
P l a t e  9 ,  F ig u re s  15-16  
1966a S y ra c o rh a b d u s  o s s a  L e c a l .  V ie e t  M il ie u .  S e r .  B . ,  O c e a n o g r . , 
v o l .  16 (1 9 6 5 ) , p p . 2 5 3 -2 5 4 , p i .  2 , f i g s .  5 -8 .
1968 S y ra c o s p h a e ra  o s s a  (L e c a l)  L o e b l ic h  e t  T appan . J o u r ,  P a l e o . ,  v o l .
4 2 , n o . 2 , p . 591.
1972 S y ra c o s p h a e ra  a f f .  o s s a  (L e c a l)  B o r s e t t i  e t  C a t i ,  G io r .  G e o l . ,
S e r .  2 a , v o l .  3 8 , n o . 2 , p .  40 1 , p i .  4 5 , f i g s .  l a - b .
R em arks. The sp ec im en s  e n c o u n te re d  i n  th e  G u lf o f  M exico a r e  m ore 
e lo n g a te  th a n  th o s e  f ig u r e d  by L e c a l (1 9 6 6 ) . S in c e  th e  s i z e  o f  th e s e  
c o c c o l i t h s  may v a ry  c o n s id e r a b ly  o v e r  th e  e n t i r e  s y ra c o s p h e re  th e  
a u th o r  f e e l s  j u s t i f i e d  i n  I n c lu d in g  sp ec im en s i n  t h i s  s p e c ie s  r a t h e r  
th a n  c r e a t i n g  a  new s p e c i e s .
S y ra c o s p h a e ra  r i b o s a  (K am ptner) B o r s e t t i  e t  C a t i  1972 
P l a t e  10 , F ig u re s  1 -6  
1967 D is c o l i th u s  r ib o s u s  K am ptner. Ann. N a tu r h i s t o r .  Mus. W ien, v o l .
71 , p p . 136, 137, p i .  5 , f i g s .  3 0 -3 1 .
1972 S y ra c o s p h a e ra  r i b o s a  (K am ptner) B o r s e t t i  e t  C a t i ,  G io r .  G e o l . ,
S e r .  2 , v o l .  3 8 , n o . 2 , p . 40 2 , p i ,  4 6 , f i g s .  l a - b .
R em arks. E le c t r o n  p h o to m ic ro g ra p h s  c l e a r l y  i n d i c a t e  th e  c a n e o l i t h  
u l t r a s t r u c t u r e .  S can n in g  e l e c t r o n  p h o to g ra p h s  by  B o r s e t t i  and  C a t i  
(1972) show th e  r a i s e d  c e n t r a l  a r e a  w ith  r a d i a t i n g  " r i b s "  ( l a t h s )  con­
n e c t in g  w ith  th e  o u te r  r im .
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S y ra c o sp h a e ra  t u b e r c u l a t a  K am ptner 1937 
P l a t e  10 , F ig u re s  7 -9  
1937 S y ra c o s p h a e ra  t u b e r c u l a t a  K am ptner. A rch . P r o t l s t e n k . ,  v o l .  8 9 , 
p p . 3 0 2 -3 0 3 , p i .  15 , f i g s .  1 7 -1 9 .
1955 S y ra c o s p h a e ra  t u b e r c u l a t a  K am ptner. H a l ld a l  e t  M a r k a l i ,  Avh.
N orske  V ld .-A k ad . O s lo , M a t.-N a tu rv . K l . , n o . 1 , p . 10, p i .  7 , 
f i g s .  1 -4 .
R em arks. The m i c r o s t r u c tu r e  o f  sp ec im en s from  th e  G u lf o f  M exico 
i s  v e ry  s i m i l a r  to  th e  d e s c r i p t i o n  and e l e c t r o n  p h o to m ic ro g ra p h s  pub­
l i s h e d  by H a l ld a l  e t  M a rk a li  (1955) f o r  j>. t u b e r c u l a t a  K am ptner e x c e p t 
t h a t  G u lf  sp ec im en s have  th r e e  few er la m e l la e  b r id g in g  th e  c e n t r a l  
a r e a .
S y ra c o s p h a e ra  v a r i a b i l i s  (H a l ld a l  e t  M a rk a li)  no v . comb.
P l a t e  10, F ig u re s  10, 13-14
1954 P o n to s p h a e ra  v a r i a b i l i s  H a l l d a l .  i n  D e f la n d re  e t  F e r t ,  Ann.
P a l e o n t . ,  v o l .  4 0 , p i .  4 ,  f i g .  2 , e x p l .  1 , p i .  4 ,  f o o tn o te  ( 2 ) ,
(nom. n u d . ) .
1955 P o n to s p h a e ra  v a r i a b i l i s  H a l ld a l  e t  M a rk a l i .  Avh. N orske  v i d . -  
Akad. O s lo , M a t.-N a tu rv . K l. 1955, n o . 1, p p . 1 2 -1 3 , p i .  X I I ,  
f i g s .  1 -3 .
1967 P o n to s p h a e ra  v a r i a b i l i s  H a l ld a l  e t  M a rk a l i .  K am ptner, Ann.
N a tu r h i s t ,  Mus. W ien, v o l .  71 , p .  144 , p i .  7 , f i g .  52 .
1972 S y r a c o l i th u s  v a r i a b i l i s  (H a l ld a l  e t  M a rk a li)  B o r s e t t i  e t  C a t i ,
G io r .  G e o l . ,  s e r .  2 , v o l .  3 8 , p t .  2 , p .  4 0 0 , p i .  4 3 , f i g .  2 .
R em arks. O r ig in a l ly  t h i s  s p e c ie s  was d e s c r ib e d  by H a l ld a l  and  
M a rk a li (1955) a s  a  p o n to s p h e re .  B o r s e t t i  and C a t i  (1972) c o r r e c t l y
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i n t e r p r e t e d  th e  m i c r o s t r u c tu r e  a s  a  c a n e o l i t h  on th e  b a s i s  o f  t h e i r  
e l e c t r o n  p h o to m ic ro g ra p h s  and  t r a n s f e r r e d  th e  s p e c ie s  to  S y r a c o l i t h u s . 
U n f o r tu n a te ly  th e  genus S y r a c o l i th u s  was o r i g i n a l l y  d e s c r ib e d  a s  a 
su b g en u s  o f  S y ra c o sp h a e ra  by K am ptner (1941) w ith  S y ra c o s p h a e ra  
( S y r a c o l i th u s )  d a lm a t ic a  d e s ig n a te d  ty p e .  L o e b lic h  and Tappan (1963) 
e l e v a te d  S y r a c o l i th u s  to  g e n e r ic  ra n k  w ith  S y r a c o l i th u s  d a lm a t ic a  a s  
ty p e .  S^ . d a lm a t ic a  i s  known to  b e  a  h o lo c o c c o l i th  and h a s  b e e n  p la c e d  
i n  th e  genus H om ozygoshpaera D e f la n d re  1952 by th e  p r e s e n t  w r i t e r .  
T h e re fo re  S y r a c o l i th u s  v a r i a b i l i s  i s  h e r e i n  p ro p o se d  a s  S y ra c o sp h a e ra  
v a r i a b i l i s  ( H a l ld a l  e t  M a r k a l i ) .
S y ra c o sp h a e ra  sp p . u n i d e n t i f i e d  
R em arks. P r o v i s io n a l  a s s ig n m e n t o f  f o u r  m o rpho types  was made to  
S y ra c o s p h a e ra  Lohmann 1902 on th e  b a s i s  o f  th e  fo l lo w in g  c r i t e r i a :
(1 ) h e t e r o c o c c o l i t h s  (2 )  c e n t r a l  a r e a  b r id g e d  w ith  l a t h e s  (3) w a ll  
com plex (4 ) p e t a l o i d  u p p e r and lo w er r im s .
S y ra c o s p h a e ra  s p . "A"
P l a t e  10 , F ig u re  11 
R em arks. C a n e o l i th  w ith  a  w id e , f l a r i n g  d i s t a l  r im  and i r r e g u l a r ,  
p o o r ly  form ed l a t h s  r a d i a t i n g  to  c e n t e r .  C e n t r a l  a r e a  may b e  i r r e g u ­
l a r l y  p o r a te .
S y ra c o s p h a e ra  s p .  "B"
P l a t e  10 , F ig u re  12 
R em arks. C a n e o l i th  w i th  w id e , f l a r i n g  d i s t a l  r im  and  a  n a rro w  
p ro x im a l r im . C e n t r a l  a r e a  i s  sp an n ed  by r e g u l a r l y  sp a c e d  l a t h
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s t r u c t u r e s  r a d i a t i n g  to w ard  c e n t e r .  T erm inus o f  l a t h s  i n  sp ec im en s 
o b se rv e d  was o b sc u re d  by se d im e n t c o v e r .
S y ra c o s p h a e ra  s p .  "C"
P l a t e  10, F ig u re  15 
R em arks. C a n e o l i th  w i th  w id e , f l a r i n g  p ro x im a l and d i s t a l  r im s 
and an a p p a re n t  d o u b le  l a y e r  l a t h  s t r u c t u r e  sp a n n in g  th e  c e n t r a l  a r e a .
S y ra c o s p h a e ra  s p .  "D"
P l a t e  10 , F ig u re  16 
R em arks. C a n e o l i th  w ith  an  u n u s u a l s l i t - o p e n i n g  a lo n g  c e n t e r  o f  
i t s  l o n g i t u d i n a l  a x i s ,  w ith  b l u n t ,  s h o r t ,  r e g u l a r l y  sp a c e d  l a t h s  
r a d i a t i n g  from  w a l l  tow ard  th e  open c e n t r a l  a r e a .
Genus A c a n th o ic a  Lohmann 1903 
1903 A c a n th o ic a  Lohmann. W iss . M erre . A b t. K ie l .  v o l .  7 , p . 68 .
Type S p e c ie s :  A c a n th o ic a  c o r o n a ta  Lohmann 1903.
R em arks. T h is  genus i s  o n ly  r a r e l y  p re s e rv e d  in  m a rin e  se d im e n ts  
and h a s  n e v e r  b e e n  r e p o r te d  from  th e  f o s s i l  r e c o r d .  Specim ens a s s ig n e d  
to  t h i s  genus a r e  th o u g h t to  r e p r e s e n t  c o c c o l i t h s  from  th e  p o l a r  r e g io n s  
o f  th e  c e l l .
A c a n th o ic a  q u a t t r o s p in a  Lohmann 1903 
P l a t e  10 , F ig u re s  17-18 
1903 A c a n th o ic a  q u a t t r o s p in a  Lohmann. W iss . M eere. A b t. K i e l ,  v o l .  7 , 
p .  6 8 , p i .  2 ,  f i g s .  2 3 -2 4 .
1913a A c a n th o ic a  q u a t r o s p in a  Lohmann. Lohmann, I n t .  R ev. H y d ro b io l .  u .
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H y d ro g r .,  v o l .  5 , p .  358 ( e r r .  c i t .  p ro  A. q u a t t r o s p i n a ) .
1913a A c a n th o ic a  b r e v l s p l n a  S c h i l l e r .  S i t z  B e r . K. Akad. W is s . ,  W ien, 
M ath-N aturw . K l. v o l .  122, p . 610 , p i .  3 , f i g s .  2 5 -2 6 .
1925 A c a n th o ic a  q u a th ro s p in a  Lohmann. S c h i l l e r ,  A rch . P r o t l s t e n k . , 
v o l .  5 1 , p .  3 5 , p i .  3 , f i g s .  3 4 a , b .  ( e r r .  c i t .  p ro  A. 
q u a t t r o s p i n a ) .
1925 A c a n th o ic a  q u a t t r o s p in a  Lohmann v a r .  b r e v l s p l n a  S c h i l l e r .  A rch .
P r o t l s t e n k . ,  v o l .  5 1 , p .  3 5 , p i .  3 , f i g s .  3 4 c , d .
1930 A c a n th o ic a  q u a t t r o s p in a  Lohmann. S c h i l l e r ,  i n  L. R a b e n h o rs t:  
K ry p to g a m e n -F lo ra , p .  94 , f i g .  3 b , p .  177 , f i g .  5 8 , p .  178.
1941 A c a n th o ic a  q u a t t r o s p in a  Lohmann. K am ptner, N a tu rh . Mus. W ien,
A n n ., v o l .  51 , p p . 76 , 77 , p i .  1 , f i g s .  5 -8 , p .  9 8 .
1952 A c a n th o ic a  q u a t t r o s p in a  Lohmann. D e f la n d r e ,  i n  Grasse'" ( e d ) ,
T r a i t .  Z o o l . ,  v o l .  1 , p . 453 , f i g .  3 5 0 c .
1955 A c a n th o ic a  q u a t t r o s p in a  Lohmann. H a l ld a l  e t  M a rk a l i ,  Avh. N o rsk e .
V id -A k a d ., O s lo , M a t.-N a tu rv .  K l . ,  v o l .  1 , pp . 1 5 -1 6 , p i .  18.
1967 A c a n th o ic a  q u a t t r o s p in a  Lohmann. K am ptner, Ann. N a t u r h i s t .  M us.,
W ien, v o l .  7 1 , p p . 119 , 120 , 167, 168, 183, 184 , p i .  1 , f i g s .
1- 2 .
Remarks. Halldal and Markalli (1955) present an interesting 
discussion on heterococcolith morphogenesis, where assuming that the 
peripheral ring of the basal plate became reduced petaloid and girdle 
elements, cyrtoliths like Acanthoica quattrospina may have originated 
from caneoliths. The microstructure of both the appendix and the basal 
plate indicate that within the group, A. quattrospina and RhabdOBphaera 
stvlifer also may be related.
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Genus C re ta d is c u s  G a r tn e r  1968 
1968 C r e ta d is c u s  G a r tn e r .  U n iv . K ansas F a le o .  C o n tr .  P r o t i s t a ,  A r t .  1 , 
p .  36.
Type S p e c ie s :  C r e ta d is c u s  p o ly p o ru s  G a r tn e r ,  1968.
R em arks. E l l i p t i c a l  l o p a d o l i t h s  w i th  a  low b u t  p ronounced  rim  
c o n s t r u c te d  o f  im b r ic a te d  l a r g e  e le m e n ts  and a  c e n t r a l  a r e a  p e r f o r a t e d  
by num erous s m a l l  h o le s  w ere  a s s ig n e d  t o  t h i s  g e n u s . Bukry (1969) 
s t a t e d  t h a t  h e  c o u ld  n o t  d i s t i n g u i s h  C r e ta d is c u s  from  C r ib r o s p h a e r e l la  
and th e r e f o r e  d id  n o t  s e p a r a t e  them . The p r e s e n t  a u th o r ,  how ever, 
f e e l s  j u s t i f i e d  i n  m aking th e  s e p a r a t i o n  a s  G a r tn e r  d i d ,  ev en  th o u g h  no 
s p e c i f i c  i d e n t i f i c a t i o n s  w ere  p o s s i b l e .  The m ain  b a s i s  f o r  t h e i r  
s e p a r a t i o n  i s  r im  c o n s t r u c t io n ,  C r e ta d is c u s  h a s  an  e i f f e l i t h a l i d  r im  
and  C r ib r o s p h a e r e l l a  h a s  a p o d o rh a b d id  r im .
C r e ta d is c u s  s p .
P l a t e  10 , F ig u re  19 
R em arks. The e i f f e l i t h a l i d  r im  and p o r a te  c e n t r a l  a r e a  o f  th e  
sp ec im en s o b se rv e d  i n  G u lf b o tto m  se d im e n ts  made p o s s i b l e  th e  g e n e r ic  
a s s ig n m e n ts  b u t  no s p e c i a t i o n  was p o s s i b l e  d ue  to  p o o r p r e s e r v a t io n .
The known ra n g e  o f  t h i s  genus from  A lb ia n  to  M a a s t r ic h t ia n  s u g g e s ts  
t h a t  th e  m o rpho types  e n c o u n te re d  i n  b o tto m  s e d im e n ts  a r e  rew orked  from  
C re ta c e o u s  s t r a t a .
Genus U m b ello sp h ae ra  P a a sc h e  1955 
1955 U m b e llo sp h ae ra  P a a sc h e . i n  M a rk a li  e t  P a a s c h e , N y t t .  Mag. B o t . ,  
v o l .  4 , p .  96 .
Type S p e c ie s :  U m b e llo sp h ae ra  te n u i s  (K am ptner) P a a sc h e  -  C o c c o l i th u s
tenuis Kamptner. Loeblich et Tappan, 1963.
R em arks. D im orphism  i s  v e ry  common in  t h i s  genus p ro d u c in g  m acro - 
and  m ic r o - c o c c o l i th s  on th e  same c o c c o s p h e re .
U m b e llo sp h ae ra  t e n u i s  (K am ptner) P a a sc h e  1955 
P l a t e  1 1 , F ig u re s  1 -6  
1937 C o c c o l i th u s  t e n u i s  K am ptner. A rch . P r o t i s t e n k . ,  v o l .  8 9 , p .  311 , 
p i .  17 , f i g s .  4 1 -4 2 .
1953a C o c c o l i th u s  s p . ,  D e f la n d re  e t  F e r t ,  C .R . A cad. S c i . ,  v o l .  236 , 
p .  329 , f i g .  3 .
1953b C o c c o l i th u s  t e n u i s  K am ptner. D e f la n d re  e t  F e r t ,  B u l l .  S oc. H i s t .  
N a t. T o u lo u se , v o l .  8 8 , p .  31 3 , p i .  1 , f i g .  2 , p i .  4 , f i g .  3 .
1954 C o c c o l i th u s  t e n u i s  K am ptner. D e f la n d re  i n  D e f la n d re  e t  F e r t ,  Ann. 
P a l e o n t . , v o l .  4 0 , p .  152, p i .  I l l ,  f i g s .  1 -5 ,  p i .  V I I I ,  f i g s .
6 -7 .
1955 C o c c o l i th u s  t e n u i s  S c h i l l e r .  G a rd e t ,  P u b l .  S e rv . C a r te  G eo l. 
A lg e r i e ,  S e r .  2 ,  B u l l .  5 , p .  513. ( e r r .  c i t .  p ro  JC. t e n u i s  
K a m p tn e r) .
1955 U m b e llo sp h ae ra  t e n u i s  (K am ptner) P a a s c h e . ±a M a rk a li  e t  P a a sc h e , 
N y t t .  Mag. B o t . ,  v o l .  4 , p p . 9 6 -9 7 , p i .  I ,  f i g s .  a - e ,  p i .  I I ,  
f i g s .  a -b .
1960 U m b ello sp h ae ra  t e n u i s  (K am ptner) P a a s c h e . H a s le , N y t t .  Mag. B o t . ,  
v o l .  8 ,  p i .  1 , f i g .  5 .
1961 PiBcoaster murrayi Black et Barnes. J. Roy. Micros. Soc., vol. 8 0 , 
p .  145, p i .  2 4 , fig. 2.
1965b U m b e llo sp h ae ra  t e n u i s  (K am ptner) P a a s c h e . C ohen, L e id s e .  G eo l. 
M eded ., v o l .  3 5 , p .  18 , p i .  1 3 , f i g s .  e - f .
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1967 Umbellosphaera tenuis (Kamptner) Paasche. Kamptner, Ann.
N a tu r h i s t .  M u s., W ien, v o l .  7 1 , p .  162, p i .  23 , f i g .  120.
1967 U m b e llo sp h ae ra  t e n u i s  (K am ptner) P a a s c h e . M cIn ty re  e t  B e, D eep-
Sea R e s . ,  v o l .  14 , p p . 5 6 6 -5 6 7 , p i .  2 , f i g s .  A-D.
1970 U m b ello sp h ae ra  t e n u i s  (K am ptner) P a a s c h e . B a r t o l i n i ,  M ic ro ­
p a le o n to lo g y ,  v o l .  16, p .  146, p i .  2 , f i g s .  2 -3 .
1971 U m b e llo sp h ae ra  t e n u i s  (K am ptner) P a a s c h e . N o r r i s ,  P ro c .  I I  P la n k .
C o n f. ,  Rome (1 9 7 0 ) , p p . 90 0 , 90 2 , f i g .  3 .
1972 U m b e llo sp h ae ra  t e n u i s  (K am ptner) P a a s c h e . B o r s e t t i  e t  C a t i ,
G io r . G e o l . ,  s e r .  2 , v o l .  3 8 , p t .  2 , p p . 406 , 4 07 , p i .  5 3 , f i g .
3 , p i .  54 , f i g s .  1 -2 .
R em arks. The m ic r o c o c c o l i th s  o f  U. t e n u i s  and U. i r r e g u l a r i s  
h ave  b e e n  e r r o n e o u s ly  d e s c r ib e d  a s  a d i s c o a s t e r  by B la ck  e t  B arn es  
(1 9 6 1 ) . T h e ir  " d i s c o a s t e r "  i s  a  p ro x im a l v iew  o f  a  r a ic r o c o c c o l i th  
o f  U m b e llo sp h a e ra .
U m b e llo sp h ae ra  i r r e g u l a r i s  P a a sc h e  1955 
P l a t e  11 , F ig u re s  7 -11  
P l a t e  12 , F ig u re s  1 -3  
1955 U m b e llo sp h ae ra  i r r e g u l a r i s  P a a s c h e . Ij i  M a rk a li  e t  P a a s c h e ,  N y t t .
Mag. B o t . ,  v o l .  4 , p . 9 7 , p i .  I l l ,  f i g s .  a - f ,  p i .  IV , f i g s .  a - b ,
p i .  V, f i g s .  a - c ,  p i .  V I, f i g s .  a - c .
1967 U m b e llo sp h ae ra  i r r e g u l a r i s  P a a sc h e . M c In ty re  e t  Be", D eep-S ea
R e s . ,  v o l .  14 , p .  567 , p i .  3 , f i g s .  A-C.
1969 U m b e llo sp h ae ra  I r r e g u l a r i s  P a a s c h e . M c In ty re , i j i  D egens e t  R oss
( e d . ) :  Hot B r in e s  & R ecen t Heavy M eta l D e p o s its  i n  th e  Red S ea ,
Springer-Verlag Pub., p. 302, pi. 2, fig. A.
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1970 U m b e llo sp h ae ra  I r r e g u l a r i s  P a a sc h e . O kada, B u l l .  G eo l. Soc.
J a p a n , v o l .  7 6 , p .  54 4 , p i .  1 , f i g .  8 .
1971 U m b e llo sp h ae ra  I r r e g u l a r i s  P a a sc h e . N o r r i s ,  P ro c . I I  P la n k .
C o n f . ,  Rome (1 9 7 0 ) ,  v o l .  2 , p .  90 5 , f i g .  14.
1972 U m b ello sp h ae ra  I r r e g u l a r i s  P a a sc h e . G a r tn e r ,  P a la e o g e o g r .  
P a la e o c l im a to l .  P a l a e o e c o l . ,  v o l .  12 , p p . 176-177 , p i .  1 , f i g .  4 .
R em arks. M a rk a li  and  P a a sc h e  (1955) o b se rv e d  f i n e  s t r i a t i o n s  on 
th e  p ro x im a l s u r f a c e  o f  t h i s  s p e c i e s .  A cco rd in g  to  M cIn ty re  and Be 
(1 9 6 7 ) , th e s e  s t r i a t i o n s  a r e  n o t  on th e  c o c c o l i t h  b u t  on th e  o rg a n ic  
s e c r e t i o n a r y  membrane t h a t  c o v e rs  th e  p ro x im a l s u r f a c e  and c o n s e q u e n tly  
a r e  n o t  s e e n  on f o s s i l  m a t e r i a l .
F a m i l ia  HELICOPONTOSPHAERACEAE Haq 1973 
D e f i n i t i o n . C o c c o l l th o p h y te s  b e a r in g  c o c c o l i t h s  w ith  two asym­
m e t r i c a l  s h i e l d s ,  th e  l a r g e r  show ing a  h e l i c o i d  c o n s t r u c t io n .
Genus H e lic o p o n to s p h a e ra  Hay e t  M ohler 1967 
1954a H e lic o s p h a e ra  K am ptner. A rch . P r o t l s t e n k . ,  v o l .  100 , p p . 2 1 ,
7 3 , 87.
1967 H e lic o p o n to s p h a e ra  Hay e t  M o h ler. ^ n  H ay, M o h le r, R o th , S ch m id t,
e t  B o u d reau x , T ra n s .  G .C .A .G .S ., v o l .  17, p .  448 .
Type S p e c ie s :  H e lic o p o n to s p h a e ra  k a m p tn e r i  Hay e t  M o h le r, 1967.
R em arks. The genus H e lic o p o n to s p h a e ra  Hay e t  M ohler was p ro p o se d
a s  a p a r t i a l  re p la c e m e n t f o r  H e lic o s p h a e ra  K am ptner b e c a u se  a l th o u g h  
K am ptner1s  g e n e r ic  d e s c r i p t i o n  i s  q u i t e  c l e a r  i n  d e s c r ib in g  a  h e l i c o i d  
l o p a d o l i t h ;  h e  ch o se  a s  ty p e  s p e c ie s  C o cco sp h ae ra  c a r t e r !  W a ll ic h  w hich  
a s  o r i g i n a l l y  d e s c r ib e d  and i l l u s t r a t e d  (W a llic h , 1877, p i .  17 , f i g s .
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3 - 4 ,  6 -7 , 7 a ,  17) I s  a  p l a c o l i t h  w i th  two s y m m e tr ic a l s h i e l d s ,  r a t h e r  
th a n  a  h e l i c o i d  l o p a d o l i t h .  The s p e c ie s  w h ich  i n  r e c e n t  y e a r s  h a s  b e e n  
r e f e r r e d  to  a s  H e lic o s p h a e ra  c a r t e r j  i s  n o t  t h a t  d e s c r ib e d  by  W a ll ic h .  
C l o c c h i a t t i  (1969) d e fe n d e d  th e  u s a g e  o f  th e  nam es H e lic o s p h a e ra  and 
H. c a r t e r !  on th e  p re m is e s  t h a t  K am ptner’ s  d e s c r i p t i o n  o f  th e  genus i n  
1954 c o n s t i t u t e d  a  r e v i s i o n ,  and t h a t  c o n t in u e d  u s e  i n  th e  l i t e r a t u r e  
e s t a b l i s h e d  th e s e  nam es. H ow ever, th e  e r ro n e o u s  d e s ig n a t io n  o f  £ .  
c a r t e r !  W a llic h  (w hich  i s  n o t  d i s t a l l y  h e l i c o i d  b u t  a  p l a c o l i t h )  a s  th e  
ty p e  s p e c ie s  o f  th e  genus H e lic o s p h a e ra  by K am ptner i n v a l i d a t e d  t h a t  
name f o r  ta x a  t h a t  a r e  n o t  p l a c o l i t h s ,  and i t s  r e p e a te d  and c o n tin u e d  
u se  by o th e r  w r i t e r s  d id  n o t  v a l i d a t e  i t  a s  th e  c o r r e c t  name.
H e lic o p o n to s p h a e ra  k a m p tn e r i  Hay e t  M ohler 1967 
P l a t e  12 , F ig u re s  4 -9  
P l a t e  13, F ig u re  1 
1877 NON C o cco sp h ae ra  c a r t e r l  W a l l ic h .  Ann. Mag. N a t. H i s t .  v o l .  19 , 
n o . 4 , p . 348 , p i ,  17 , f i g s .  3 - 4 ,  17.
1899 C o cco sp h ae ra  p e l a g ic a  W a llic h  v a r .  c a r t e r !  (W a llic h )  O s te n f e ld .
Z o o l. A n z .,  v o l .  2 2 , p .  436.
1902 C o c c o li th o p h o ra  p e l a g ic a  (W a llic h )  Lohmann. ( P a r t . ) ,  A rch .
P r o t i s t e n k . , v o l .  1, p . 138, p i .  5 , f i g s .  5 8 a , 5 8 c .
1930 C o c c o l i th u s  p e la g ic u s  (W a llic h )  S c h i l l e r .  ( P a r t . ) ,  i n  L .
R a b e n h o rs t:  K ry p to g a m e n -F lo ra , v o l .  10, n o . 2 , p .  246.
1941 C o c c o l i th u s  c a r t e r !  (W a llic h )  K am ptner. Ann. N a tu rh . M u s., W ie n ., 
v o l .  5 1 , p p . 9 3 , 111, p i .  13 , f i g .  136.
1944 C o c c o l i th u s  c a r t e r j  (W a llic h )  K am ptner. K am ptner, W ien. B o t.
Zeitschr., vol. 93, no. 3-4, pp. 141-144.
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1951 C o c c o l i t h u s  c a r t e r l  (W a l l ic h )  K am ptner. L e c a l - S c h l a u d e r , Ann. 
I n s t i t .  O c e a n o g r . ,  v o l .  26 , n o .  3 ,  p .  330 , p i .  12, f i g s .  4 - 5 ,
7 , 9.
1954a H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. A rch .  P r o t i s t e n k . , v o l .  
100, n o .  1, p p .  2 1 -2 2 ,  t e x t - f i g s .  17 -19 .
1954 H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. D e f la n d r e  i n  D e f la n d r e  
e t  F e r t ,  Ann. P a l e o n t . ,  v o l .  40 , p .  152, t e x t - f i g s .  9 -1 1 ,  75 .
1955 H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. K am ptner, V erh .  Kon.
N e d e r l .  Akad. W e te n s c h . ,  S e r .  2 ,  v o l .  50 , p .  35 , p i .  9 ,  f i g s .
94 -9 5 .
1955 C o c c o l i t h u s  p e l a g i c u s  form a d ia d e m a ta  G a r d e t .  P u b i s .  S e rv .
C a r t e .  G eo l,  A lg e r ,  B u l l .  5 ,  p .  511 , p i .  5 ,  f i g s .  4 6 -4 7 .
1961 H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. B la c k  e t  B a rn e s ,  J o u r .
Roy, M ic r .  S o c . ,  v o l .  80 , p t .  2 ,  p p .  13 9 -1 4 0 , p i s .  2 2 -2 3 .
1963 H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. K am ptner, N a t u r h i s t .
Mus. Wien, A n n .,  v o l .  66 , p p .  173-175 , 204 , p i .  3 ,  f i g s .  19, 21. 
1963 H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. M a r t i n i  e t  B r a m l e t t e ,  
J o u r .  P a l e o . ,  v o l .  37 , n o .  4 ,  p .  850.
1963 H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. Bachmann, P ap p ,  e t
S t r a d n e r ,  M i t t .  G eo l.  G e s e l l .  W ie n . ,  v o l .  56 , n o .  1, p .  157,
t e x t - t a b l .  3 ,  f i g s .  2 ,  2 a ,  p i .  24 , f i g .  9 .
1964 H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. Cohen, M ic ro ­
p a l e o n t o l o g y ,  v o l .  10, p p .  238 , 240 , p i .  3 ,  f i g s .  2 a - f ,  p i .  4 , 
f i g s .  l a - c .
1965a H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. Cohen, G eo l .  M i j n . , 
v o l .  55 , p .  340, p i .  I l l ,  f i g .  A.
1965b H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner, Cohen, L e i d s e  G eo l.
Meded., vol. 35, p. 21, pi. 3, figs. oOg, pi. 17, figs. a-d.
1967 H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. B r a m le t t e  e t  W llcoxon , 
T u la n e  S tu d .  G e o l . ,  v o l .  5 ,  n o .  3 ,  p .  105 , p i .  6 ,  f i g s .  9 -1 0 .
1967 H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. K am ptner, Ann.
N a t u r h l s t .  M us. ,  Wien, v o l .  71 , p p .  1 41 -143 , p i .  7 ,  f i g s .  4 5 -4 6 ,  
4 8 -4 9 ,  t e x t - f l g .  16.
1967 H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. M c In ty re  e t  Be, D eep- 
Sea R e s . ,  v o l .  14, p .  571 , p i .  11, f i g .  A.
1967 H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. M c In ty r e ,  Be, e t
P r e i k s t a s ,  i n  M. S e a r s  ( e d . ) :  P r o g r e s s  I n  O ceanography , v o l .  4 ,
p p .  1 2 -1 3 ,  p i .  6 ,  f i g s .  A-B.
1967 H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. S a l e s ,  Rev. P a l e o b o t .  
P a l y n o l . , v o l .  5 , p .  302 , p i .  1, f i g s .  3 a - b .
1967 H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. Takayama, J b .  G eo l.
B .A . , v o l .  110, p .  192, p i .  1 , f i g .  5 .
1967 H e l i c o p o n to s p h a e r a  k a m p tn e r !  Hay e t  M o h le r .  i n  Hay, M o h le r ,  R o th ,
S ch m id t,  e t  B oudreaux ,  T r a n s .  G .C .A .G .S . ,  v o l .  17, p .  448, p i .  
1 0 -1 1 ,  f i g .  5 .
1968 H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. B la c k ,  P a l a e o n to lo g y ,  
v o l .  11, p t .  5 , p p .  8 0 1 -8 0 2 ,  p i .  147, f i g s .  1 -2 .
1968 H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. Cohen e t  R e i n h a r d t ,
N. J b .  G eo l.  P a l a o n t . ,  A b h .,  v o l .  131, n o .  3 ,  p .  298 , p i .  19, 
f i g s .  17, 21 , p i .  20 , f i g s .  5 ,  8 ,  t e x t - f l g .  7 .
1968 H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. L o c k e r ,  M o n a ts b . ,
D e u ts c h .  Akad. W i s s . ,  B e r l i n ,  v o l .  10, n o .  3 ,  p .  225 , p i .  2 , 
f i g s .  1 -2 .













Rev. E sp .  M i c r o p a l e o . , v o l .  1 , n o .  3 ,  p .  272 , p i .  V I ,  f i g s .  8 ,
10 -15 .
H e l i c o p o n to s p h a e r a  k a m p tn e r i  Hay e t  M o h le r ,  Bukry e t  B r a m le t t e ,
I n i t .  R e p t .  D .S .D .P .  Leg I ,  v o l .  1 , p .  3 78 ,  p i .  6 ,  f i g .  E.
H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. C l o c c h l a t t i ,  Rev. 
M i c r o p a l e o . ,  v o l .  1 2 ,  n o .  2 ,  p p .  7 5 -8 3 ,  p i .  1 ,  f i g s .  1 - 5 ,  p i .  2 ,  
f i g s .  1 -3 ,  p i .  3 ,  f i g s .  1 -4 .
H e l i c o p o n to s p h a e r a  k a m p tn e r i  Hay e t  M o h le r .  Haq e t  L ip p s .  I n i t .
R e p t .  D .S .D .P .  Leg 8 ,  v o l .  V I I I ,  p .  778, p i .  1 , f i g .  H.
H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner.  L e h o ta y o v a ,  P r o c .  I I  
I n t e r n e t .  P la n k .  C onf.  Rome (1 9 7 0 ) ,  v o l .  2 ,  p .  687 , f i g .  1. 
H e l i c o s p h a e r a  c a r t e r i ? (W a l l ic h )  K am ptner. N o r r i s ,  P r o c .  I I .
I n t e r n a t .  P la n k .  Conf. Rome ( 1 9 7 0 ) ,  v o l .  2 ,  p .  906 , f i g .  15. 
H e l i c o p o n to s p h a e r a  k a m p tn e r i  Hay e t  M o h le r .  E l l i s ,  Lohman, e t  
Wray, Q u a r t .  Sch. M in es ,  v o l .  67 , n o .  3 ,  p .  29 , p i .  5 ,  f i g .  6 ,  
p i .  6 , f i g .  2 .
NON H e l i c o p o n to s p h a e r a  k a m p tn e r i  Hay e t  M o h le r .  E l l i s ,  Lohman, 
e t  Wray, Q u a r t .  C o lo rad o  Sch . M in es ,  v o l .  67 , n o .  3 ,  p i .  6 , f i g .
1.
H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. B o r s e t t i  e t  C a t i ,  G io r .
G e o l . ,  s e r .  2 , v o l .  3 8 ,  p t .  2 , p .  405 , p i .  52 , f i g s .  1 -2 .  
H e l i c o p o n to s p h a e r a  k a m p tn e r i  Hay e t  M o h le r .  G a r t n e r ,  P a le o g e o g r .  
P a l a e o c l i m a t o l .  P a l a e o e c o l . ,  v o l .  12, p p .  17 8 -1 7 9 , p i .  I I ,  f i g .
6 .
H e l i c o p o n to s p h a e r a  k a m p tn e r i  Hay e t  M o h le r .  P e r c h - N i e l s e n ,  I n i t .
R e p t .  D .S .D .P .  Leg 12, v o l .  X I I ,  p .  1060, p i .  18, f i g s .  5 ,  9 ,  12. 
H e l i c o p o n to s p h a e r a  k a m p tn e r i  Hay e t  M o h le r .  S t r a d n e r ,  I n i t .  R e p t .
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D.S.D.P. Leg 13, vol. XIII, pt. 2, pi. 16, fig. 1-6, p. 1156.
R em arks. Haq (1973 , p .  38 )  p r e s e n t s  an  e x c e l l e n t  d i s c u s s i o n  o f
t h i s  s p e c i e s .
H e l i c o p o n to s p h a e r a  h y a l l n a  (G a a rd e r )  Haq 1973 
P l a t e  13 , F ig u r e s  2-3
1970 H e l i c o s p h a e r a  h y a l l n a  G a a rd e r .  N y t t .  Mag. B o t . ,  v o l .  17 , n o .  2 ,
pp . 113-114 , t e x t - f i g s .  1 -3 .
1971 H e l i c o s p h a e r a  h y a l l n a  G a a rd e r .  G a a rd e r  e t  H a s le ,  B u l l .  Mar. S c l . ,
v o l .  21 , n o .  2 , p p .  533 , 535 , f i g s .  9 c ,  d ,  f .
1972 H e l i c o s p h a e r a  h y a l l n a  G a a rd e r .  B o r s e t t i  e t  C a t i ,  G io r .  G eo l.
s e r .  2 ,  v o l .  38 , p t .  2 ,  p .  406 , p i .  5 2 ,  f i g s ,  3 - 4 .
1973 H e l i c o p o n to s p h a e r a  h y a l l n a  (G a a rd e r )  Haq. M ic ro p a le o n to lo g y ,
v o l .  19, n o .  1, p p .  3 7 -3 8 ,
R em arks. T h i s  s p e c i e s  i s  c u r r e n t l y  known o n ly  from  th e  G u lf  o f
M exico.
H e l i c o p o n to s p h a e r a  s e l l i i  Bukry e t  B r a m le t t e  1969 
P l a t e  13 , F ig u r e  4
1969 H e l i c o p o n to s p h a e r a  s e l l i i  Bukry e t  B r a m le t t e .  T u la n e  S tu d .  G eo l.
P a l e o . ,  v o l .  7 ,  n o .  3 ,  p .  134, p i .  2 ,  f i g s .  3 - 7 .
1971 H e l i c o p o n to s p h a e r a  s e l l i i  Bukry e t  B r a m le t t e .  B ukry . I n i t .  R e p t .
D .S .D .P .  Leg 6 ,  v o l .  V I ,  p .  990 , p i .  2 ,  f i g .  3.
1973 H e l i c o p o n to s p h a e r a  s e l l i i  Bukry e t  B r a m l e t t e .  Haq, M ic ro ­
p a l e o n to lo g y ,  v o l .  19, n o .  1 ,  p .  44 , p i .  6 ,  f i g .  3 ,  p i .  7 ,  
f i g s .  5 -6 .
Rem arks. See Haq (1973 , p .  44) f o r  a  co m p le te  d i s c u s s i o n  o f
this species.
Helicopontosphaera walllchi (Lohmann) Boudreaux et Hay 1969
P l a t e  13, F ig u r e s  5 -8
1902 C o c c o l i th o p h o ra  w a l l i c h i  Lohmann. A rch .  P r o t l s t e n k . ,  v o l .  1, 
p .  138, p i .  5 ,  f i g s .  5 8 a -b ,  5 9 ,  60.
1908 C o c c o l i t h o p h o ra  w a l l i c h i  Lohmann. Lemmermann, Nord. P l a n k . ,  
v o l .  21 , p .  XXI38, f i g s .  1 2 9 -129a.
1911 C o c c o l i t h o p h o ra  w a l l i c h i  Lohmann. Lohmann, I n t .  Rev. Ges. 
H y d ro b io l .  H y d ro g ra p h . , v o l .  4 ,  p .  39 , f i g .  5.
1913b C o c c o l i t h o p h o ra  w a l l i c h i  Lohmann. Lohmann, D e u ts c h .  Z o o l .  G e s . ,  
V e r h . ,  v o l .  23 , p .  144, t e x t - f i g s .  1 -4 .
1920 C o c c o l i t h u s  w a l l i c h i  (Lohmann) Lohmann. A rch . B i o n t o l . ,  v o l .  4 ,  
p .  98 , f i g s .  21a .
1925 C o c c o l i t h o p h o ra  w a l l i c h i  Lohmann. S c h i l l e r ,  A rch . P r o t l s t e n k .  
v o l .  51 , p .  37 .
1927 C o c c o l i t h o p h o ra  w a l l i c h i  Lohmann. K am ptner, A rch . P r o t l s t e n k . ,  
v o l .  58 , p .  175.
1930 C o c c o l i t h u s  w a l l i c h i i  (Lohmann) S c h i l l e r ,  ir i  L. R a b e n h o r s t :
K ry p to g a m e n -F lo ra ,  v o l .  10, pp . 24 7 -2 4 8 , f i g .  124c, ( e r r .  c i t .  
p ro  C o c c o l i t h u s  w a l l i c h i i  (Lohmann) Lohm ann).
1939 C o c c o l i th o p h o ra  w a l l i c h i  Lohmann. B e r s l e r ,  B u l l .  Soc. Vaud. Sc. 
N a t . ,  L a u sa n n e ,  v o l .  60, n o .  218 , p .  241 , f i g s .  3 8 -3 9 ,  p .  242.
1941 C o c c o l i t h u s  w a l l i c h i  (Lohmann) K am ptner. N a t u r h i s t .  M us.,  Wien, 
A n n .,  v o l .  51 , p .  112, ( e r r .  c i t .  p r o  C o c c o l i t h u s  w a l l i c h i  
(Lohmann) Lohmann).
1951 C o c c o l i t h u s  w a l l i c h i  (Lohmann) S c h i l l e r .  L e c a l - S c h l a n d e r ,  Ann.
I n s t i t .  O c e a n o g r . ,  v o l .  2 6 ,  n o .  3 ,  p p .  3 2 8 -3 2 9 ,  ( e r r .  c i t .  p ro  
C o c c o l i t h u s  w a l l i c h i  (Lohmann) Lohm ann).
1955 C o c c o l i t h u s  w a l l i c h i  (Lohmann) S c h i l l e r .  G a r d e t ,  P u b l .  S e rv .
C a r t e  G e o l .  A l g e r i e ,  S e r .  2 ,  B u l l .  5 ,  p .  513, p i .  5 ,  f i g s .  4 9 a -  
b ,  ( e r r .  c i t .  p r o  C o c c o l i t h u s  w a l l i c h i  (Lohmann) Lohmann).
1969 Helicopontosphaera wallichi (Lohmann) Boudreaux et Hay. Rev.
E sp . M i c r o p a l e o . ,  v o l .  1, n o .  3 , pp . 27 2 -2 7 3 , p i .  V I,  f i g .  9 .
1970 H e l i c o s p h a e r a  c a r t e r i  (W a l l ic h )  K am ptner. B a r t o l i n i ,  M icro ­
p a l e o n t o l o g y ,  v o l .  16, pp . 140, 142, p i .  6 ,  f i g s .  1 -5 .
1971 H e l i c o s p h a e r a  c f .  H. c a r t e r i  (W a l l ic h )  K am ptner. B la c k ,  i n
F u n n e l l  e t  R ie d e l  ( e d s . ) :  The M ic ro p a le o n to lo g y  o f  O ceans ,  Camb.
U n iv .  P r e s s . ,  p .  622 , p i .  4 5 . 2 ,  f i g .  21.
1971 H e l i c o p o n to s p h a e r a  k a m p tn e r i  Hay e t  M oh le r .  B ukry , T r a n s .  San 
D iego S oc . N a t .  H i s . ,  v o l .  16, n o .  14, p .  309 , p i .  1, f i g .  2.
1971 H e l i c o s p h a e r a  c a r t e r i  ( W a l l ic h )  K am ptner. G a a rd e r  e t  H a s le ,
B u l l .  Mar. S c i . , v o l .  21 , n o .  2 , p .  533 , f i g s .  9 a - b ,  e .
1972 H e l i c o p o n to s p h a e r a  w a l l i c h i  (Lohmann) Boudreaux e t  Hay. P e r c h -  
N i e l s e n ,  I n i t .  R e p t .  D .S .D .P .  Leg 12, v o l .  X I I ,  p .  1060, p i .  18 , 
f i g s .  1 -3 ,  8 ,  11.
1972 H e l i c o p o n to s p h a e r a  k a m p tn e r i  Hay e t  M ohler ( P a r t . ) .  E l l i s ,
Lohmann, e t  Wray, Q u a r t .  C o lo rad o  S ch . M ines ,  v o l .  67 , no . 3 ,  
p .  78, p i .  6 , f i g .  1.
1972 H e l i c o p o n to s p h a e r a  w a l l i c h i  (Lohmann) Boudreaux e t  Hay. G a r t n e r ,  
P a la e o g e o g r .  P a l a e o c l i m a t o l .  P a l a e o e c o l . , v o l .  12, p p .  178 -179 , 
p i .  I I ,  f i g .  5 .
1973 H e l i c o p o n to s p h a e r a  k a m p tn e r i  Hay e t  M o h le r .  S t r a d n e r ,  I n i t .  R e p t .  
D .S .D .P .  Leg 13, v o l .  X I I I ,  p t .  2 ,  p .  1155, p i .  15, f i g s .  1 -6 .
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R em arks. The c o c c o l i t h s  o f  t h i s  s p e c i e s  r e s e m b le  
H e l i c o p o n to s p h a e r a  k a m p tn e r i  b u t  hav e  a  r e d u c e d  f l a n g e  and t h e  s l i t ­
l i k e  c e n t r a l  o p e n in g s  a r e  o r i e n t e d  o b l i q u e  to  t h e  lo n g  a x i s ,  w h e reas  
i n  H. k a m p tn e r i  t h e  f l a n g e  i s  l a r g e  and t h e  s l i t  l i k e  o p e n in g s ,  i f  
p r e s e n t  a r e  p a r a l l e l  t o  t h e  lo n g  a x i s  o f  t h e  c o c c o l i t h .
F a m l l i a  PONTOSPHAERACEAE Lemmermann 1908 
D e f i n i t i o n . C o c c o l i t h o p h y te s  b e a r i n g  s h a l lo w  l o p a d o l i t h s  w hich  
may o r  may n o t  p o s s e s s  c e n t r a l  s p i n e s .
S u b f a m i l ia  PONTOSPHAEROIDEAE Kamptner 1937 
D e f i n i t i o n . B ase  o f  l o p a d o l i t h  sm ooth o r  o rn a m e n te d ,  o r  s tu d d e d  
w i th  s h o r t  s p i n e s .
T r ib u s  PONTOSPRAEREAE Hay, 1966 
D e f i n i t i o n . M arg in  o f  b a s e  o f  l o p a d o l i t h  s im p l e .
Genus P o n to s p h a e ra  Lohmann 1902 
1902 P o n to s p h a e ra  Lohmann. A rch . P r o t l s t e n k . ,  v o l .  1 , p .  129.
Type S p e c i e s :  P o n to s p h a e ra  s y r a c u s a n a  Lohmann 1902 ( s u b s e q u e n t ly
d e s ig n a t e d  ty p e  by L o e b l i c h  e t  T appan ,  19 6 3 ) .
R em arks. S im ple  r e l a t i v e l y  s h a l lo w  l o p a d o l i t h s  whose w a l l  h e i g h t  
was e q u a l  t o  o r  s h o r t e r  th a n  t h e  l o n g e s t  d i a m e te r  o f  t h e  b a s e  w ere  
a s s ig n e d  to  t h i s  g e n u s .
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P o n to s p h a e r a  a l b o r a n e n s i a  B a r t o l i n i  1970 
P l a t e  14, F ig u r e s  1 -4  
1967 P o n to s p h a e ra  s p .  Hay, M o h le r ,  R o th ,  S chm id t,  e t  B oudreaux ,  T ra n s .
G .C .A .G .S . ,  v o l .  17 , p i .  1 0 ,  f i g .  6 ,  p i .  11, f i g .  6 .
1970 P o n to s p h a e ra  a l b o r a n e n s i s  B a r t o l i n i .  M ic r o p a le o n to lo g y ,  v o l .  16, 
no . 2 ,  p p .  148, 150, p i .  6 ,  f i g s .  6 -7 ,  t e x t - f l g .  9.
1972 P o n to s p h a e ra  a l b o r a n e n s i s  B a r t o l i n i .  B o r s e t t i  e t  C a t i ,  G io r .
G e o l . ,  s e r .  2 ,  v o l .  3 8 ,  p t .  2 , p .  399 , p i .  4 1 ,  f i g .  2.
1973 P o n to s p h a e ra  a l b o r a n e n s i s  B a r t o l i n i .  B u rn s ,  Rev. E sp .  M ic r o p a l e o . ,  
v o l .  5 ,  n o .  1, p p .  1 4 9 -150 , p i .  1, f i g s .  1 -3 .
1973 P o n to s p h a e ra  a l b o r a n e n s i s  B a r t o l i n i .  S t r a d n e r ,  I n i t .  R e p t .
D .S .D .P .  Leg 13, v o l .  X I I I ,  p t .  2 ,  p i .  20 , f i g s .  1 -2 .
Rem arks. B urns (1 9 7 3 ,  p p .  149-150) p r e s e n t s  a  c o m p le te  d i s c u s s i o n  
o f  t h i s  s p e c i e s .
P o n to s p h a e r a  d i s c o p o r a  S c h i l l e r  1925 
emend. Burns 1973 
P l a t e  14, F ig u r e s  5 -6  
1925 P o n to s p h a e r a  d i s c o p o r a  S c h i l l e r .  A rch .  P r o t l s t e n k . ,  v o l .  51 , 
p .  11, p i .  I ,  f i g .  4 .
1927 P o n to s p h a e ra  d i s c o p o r a  S c h i l l e r .  K am ptner, A rch .  P r o t i s t e n k . ,
v o l .  5 8 ,  p .  177.
1930 P o n to s p h a e ra  d i s c o p o r a  S c h i l l e r .  S c h i l l e r ,  i n  L .  R a b e n h o rs t :
K ry p to g a m e n -F lo ra ,  v o l .  10, no . 2 ,  p .  9 8 ,  f i g .  6 , p p .  186-187 .
1955 P o n to s p h a e ra  d i s c o p o r a  S c h i l l e r .  G a r d e t ,  P u b l .  S e r .  C a r t e  G eo l.
A l g e r i e ,  S e r .  2 ,  B u l l .  5 ,  p p .  4 9 1 ,  493 , p i .  1 ,  f i g .  1.
1955 P o n to s p h a e r a  d i s c o p o r a  S c h i l l e r .  H a l l d a l  e t  M a r k a l i ,  Avh. N orske
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Vid.-Akad. Oslo, Mat.-Naturv. Kl. 1955, no. 1, p. 19, pi. XXVII.
1968 P o n to s p h a e r a  d i s c o p o r a  S c h i l l e r .  B la c k ,  P a l a e o n t . ,  v o l .  11 , p t .
5 ,  pp . 8 0 0 -8 0 1 ,  p i .  146, f i g s .  1 -2 .
1969 P o n to s p h a e ra  d i s c o p o r a  S c h i l l e r .  B oudreaux e t  Hay, Rev. Esp . 
M ic r o p a l e o . ,  v o l .  1 , no . 3 , p .  271, p i .  V I ,  f i g s .  1 -7 .
1970 P o n to s p h a e ra  a l t a  R o th .  E c o lg a e  G eo l.  H e l v . , v o l .  63 , n o .  3 ,
p . 859, p i .  9 ,  f i g s .  2 - 3 .
1971 P o n to s p h a e ra  d i s c o p o r a  S c h i l l e r .  G a a rd e r  e t  H a s le ,  B u l l .  Mar.
S c i . , v o l .  21 , no . 2 ,  p .  5 36 ,  f i g s .  lO a -d .
1972 P o n to s p h a e r a  m u l t l p o r a  (K am ptner) R o th .  ( P a r t . ) ,  E l l i s ,  Lohman, 
e t  Wray, Q u a r t .  C o lo rado  Sch . M ines ,  v o l .  67 , n o .  3 , p p .  3 0 -3 1 ,  
p i .  6 , f i g s .  5 -6 .
1973 P o n to s p h a e ra  d i s c o p o r a  S c h i l l e r  emend. B u rn s .  Rev. Esp.
M i c r o p a l e o . ,  v o l .  5 ,  n o .  1 ,  p .  151, p i .  1 , f i g .  6.
R em arks. As o r i g i n a l l y  d e s c r i b e d  by S c h i l l e r  t h i s  s p e c i e s
p o s s e s s e d  "row s o f  f i n e  p o r e s . "  B urns  (1973) i n d i c a t e d  t h a t  s e v e r a l
s p e c i e s  f i t t e d  i n t o  t h i s  vague  d e s c r i p t i o n  and emended t h e  s p e c i e s  by 
r e c o g n i z i n g  o n ly  t h e  form w h ich  p o s s e s s e d  t h r e e  d i s c e r n i b l e  r i n g s  o r  
rows o f  p e r f o r a t i o n s  a s  P o n to s p h a e r a  d i s c o p o r a .
P o n to s p h a e ra  j a p o n i c a  (Takayama) B urns  1973 
P l a t e  14, F ig u r e s  7 -10  
1967 D i s c o l i t h i n a  j a p o n i c a  Takayama. J b .  G eo l .  B .A . ,  v o l .  110, pp.
18 9 -1 9 0 , p i s .  9 ,  10, f i g s .  1, 2 a - d ,  t e x t - f i g .  7.
1967 D i s c o l i t h i n a  m i l l e p u n c t a  G a r tn e r .  K ansas  U n iv .  P a l e o .  C o n t r . ,
P a l e o .  C o n t r . ,  P a p e r  n o .  2 9 ,  p .  5 ,  p i .  8 ,  f i g s .  1 -4 .
1968 S cy p h o sp h ae ra  s p . B la c k ,  P a l a e o n t o l o g y ,  v o l .  11, p t .  5 ,  p .  810 ,
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pi. 154, figs. 4-7.
1970 D i s c o l i t h i n a  j a p o n ic a  Takayama. B a r t o l i n i ,  M ic ro p a le o n to lo g y ,  
v o l .  16, p .  148, p i .  3 ,  f i g s .  1 -3 .
1971 D i s c o l i t h i n a  s p . , B ukry , I n i t .  R e p t .  D .S .D .P .  Leg 6 ,  v o l .  V I,  
p .  988 , p i .  1 ,  f i g .  4 .
1973 P o n to s p h a e ra  j a p o n i c a  (Takayama) B u rn s .  Rev. E sp . M i c r o p a l e o . ,  
v o l .  5 ,  no . 1, p p .  154, 157, p i .  2 ,  f i g s .  8 -1 3 .
1973 P o n to s p h a e ra  j a p o n i c a  (Takayama) S t r a d n e r .  I n i t .  R e p t .  D .S .D .P .
Leg 13 , v o l .  X I I I ,  p t .  2 ,  p i .  18 , f i g .  3 - 5 ,  p .  1158.
Rem arks. T h is  s p e c i e s  was o r i g i n a l l y  a t t r i b u t e d  to  th e  genus  
D i s c o l i t h i n a . Burns (1973) d e s c r i b e d  and  i l l u s t r a t e d  t h e  p r e s e n c e  o f  
a  l a m e l l a r  f l a n g e  on  I), j a p o n l c a  and t r a n s f e r r e d  t h e  s p e c i e s  to  
P o n to s p h a e r a .
P o n to s p h a e ra  m u l t i p o r a  (K am ptner) R o th  1970 
P l a t e  15, F ig u r e s  1-4 
1948 D i s c o l i t h u s  m u l t i p o r u s  K am ptner. S i t z .  B e r .  O s t e r r .  Akad. W i s s . ,  
M ath-N aturw . K l. ,  A b t.  1, v o l .  157, p .  5 ,  p i .  1, f i g .  9 .
1948 D i s c o l i t h u s  v i g i n t i f o r a t u s  K am ptner. S i t z .  B e r .  O s t e r r .  Akad.
W i s s . ,  M ath-N aturw . K l . , A b t.  1, v o l .  157, p .  5 ,  p i .  1 , f i g .  8 .
1954 D i s c o l i t h u s  l i n e a t u s  D e f l a n d r e ,  i n  D e f la n d r e  e t  F e r t ,  Ann.
P a l e o n t . ,  v o l .  4 0 ,  p p .  1 3 7 -138 , p i .  10 , f i g s .  1 7 -1 8 ,  t e x t - f i g .
50.
1960 D i s c o l i t h u s  s p .  B . , B a ld i -B e k e ,  F o l d t .  K o z l . ,  v o l .  90 , p i .  14, 
f i g .  3 .
1961 D i s c o l i t h u s  l o n g i f o r a m i n i s  B a ld i -B e k e .  F o l d t .  K o z l . ,  v o l .  90 , 
p .  164 , p i .  1 , f i g s .  3 a - b .
1961 D i s c o l i t h u s  d i s t l n c t u s  B r a m le t t e  e t  S u l l i v a n .  M ic ro p a le o n to lo g y  
v o l .  7 ,  p .  141, p i .  2 ,  f i g s .  8 a - b ,  9 a - c .
1962 C r l b r o s p h a e r e l l a  s p . ,  B enesova e t  H a n z l lk o v a ,  V e s t .  U s t r .  U s t .  
G eo l.  ( P r a h a ) ,  v o l .  37 , p .  124, p i .  2 , f i g .  9 .
1964 P o n to s p h a e ra  k a u t e n d o r f e n s l s  Bachm ayer. Ann. N a t u r h i s t o r .  Mus.
Wien, v o l .  67 , p .  185, p i .  2 , f i g s .  8 - 9 .
1964 D i s c o l i t h u s  d i s t l n c t u s  B r a m le t t e  e t  S u l l i v a n .  S u l l i v a n ,  U niv .
C a l i f .  P u b l .  G eo l .  S c . ,  v o l .  4 4 ,  p .  182, p i .  4 ,  f i g s .  4 a -b .
1964 D i s c o l i t h u s  m u l t i p o r u s  K am ptner. S t r a d n e r ,  E r d o e l - Z e i t s c h r . , 
v o l .  8 0 ,  p .  134 , t e x t - f l g s .  4 - 8 .
1965 D i s c o l i t h u s  d i s t l n c t u s  B r a m le t t e  e t  S u l l i v a n .  S u l l i v a n ,  U n iv .
C a l i f .  P u b l .  G eo l ,  S c . ,  v o l .  53 , p .  33 , p i .  4 ,  f i g s ,  l a - b ,  2 a -b  
3 a - b ,  4 a - b ,  5 a - b ,  6 a -b .
1965b D i s c o l i t h u s  c f .  d i s t l n c t u s  B r a m le t t e  e t  S u l l i v a n .  Cohen, L e id s e  
G eo l.  M eded ., v o l .  3 5 ,  p .  15, p i .  3 ,  f i g s .  r - t .
1965 D i s c o l i t h i n a  m u l t i p o r a  (K am ptner) M a r t i n i .  ija W h i t t a r d  e t
Bradshaw  ( e d o ) :  Subm arine  Geology and G e o p h y s ic s ,  P r o c .  17 th
Symp. C o ls to n  R es . S o c . ,  p .  400.
1966 D i s c o l i t h i n a  c o n f o s s a  Hay, M o h le r ,  e t  Wade. E c lo g a e  G eo l .  H e lv .
v o l .  59 , no . 1, p .  392 , p i .  9 ,  f i g s .  1 -9 .
1966 P o n to s p h a e ra  v a d o s a  Hay, M o h le r ,  e t  Wade. E c lo g a e ,  G eo l .  H e l v . ,
v o l .  59 , no . 1, p .  391 , p i .  8 ,  f i g .  4 .
1966 NON P o n to s p h a e ra  v a d o sa  Hay, M o h le r ,  e t  Wade. E c lo g a e  G eo l.  
H e l v . ,  v o l .  5 9 ,  n o .  1, p i .  8 ,  f i g s .  1 -3 ,  5 -8 .
1966 D i s c o l i t h u s  m u l t i p o r u s  K am ptner. S t r a d n e r  e t  A dam iker,  E r d o e l -
E r d g a s - Z e i t s c h r i f t . , v o l .  8 2 ,  p .  340 , p i .  2 ,  f i g .  1.
1967 D i s c o l i t h i n a  d i s t i n c t a  (B r a m le t t e  e t  S u l l i v a n )  L e v in  e t  J o e r g e r
M ic r o p a l e o n to lo g y ,  v o l .  1 3 ,  n o .  2 ,  p .  166, p i .  1 , f i g s .  1 4 a -b ,  
1 5 a -b .
1967 D i s c o l i t h i n a  s p . a f f .  _D. d l s t i n c t a  ( B r a m l e t t e  e t  S u l l i v a n )  L ev in  
e t  J o e r g e r .  G a r tn e r  e t  S m ith ,  K ansas  U n iv .  P a l e o n t .  C o n t r . ,  
p a p e r  2 0 ,  p .  5 ,  p i .  6 ,  f i g s .  4 - 6 .
1967 D i s c o l i t h i n a  c o n f o s s a  Hay, M o h le r ,  e t  Wade. Hay, M o h le r ,  R o th ,  
S ch m id t ,  e t  B oud reaux ,  T ra n s .  G .C .A .G .S . ,  v o l .  17, p .  472 , p i .
7 ,  f i g s .  7 -8 .
1967 D i s c o l i t h u s  d i s t l n c t u s  B r a m le t t e  e t  S u l l i v a n .  R e i n h a r d t ,
F r e i b e r g e r  F o r s c h u n g . , C -213 , p .  212 , p i .  3 ,  f i g .  4 .
1967 P o n to s p h a e ra  v a d o s a  Hay, M o h le r ,  e t  Wade. P e r c h - N i e l s e n ,  E c o lg a e
G eo l.  H e l v . ,  v o l .  60 , p .  26, p i .  2 ,  f i g s .  6 -9 .
1968 D i s c o l i t h i n a  m u l t i p o r a  (K am ptner) M a r t i n i .  Haq, S tockholm  C o n tr .  
G e o l . ,  v o l .  18, n o .  2 ,  pp . 3 6 -3 7 ,  p i .  6 ,  f i g s .  4 - 9 .
1968 D i s c o l i t h i n a  m u l t i p o r a  (K am ptner) M a r t i n i .  S t r a d n e r ,  i n  S t r a d n e r  
e t  Edw ards: J a h r .  G eo l.  B u n d e s a n d t . ,  s b .  13 , p p .  3 5 -3 7 ,  p i .  32-
35 , t e x t - f i g s .  7 a -b .
1970 P o n to s p h a e r a  m u l t i p o r a  (K am ptner) R o th .  E c o lg a e  G eo l.  H e l v . ,  
v o l .  63 , n o .  3 ,  p p .  8 60 -861 ,
1972 P o n to s p h a e ra  m u l t i p o r a  (K am ptner) R o th .  ( P a r t . ) ,  E l l i s ,  Lohman, 
e t  Wray, Q u a r t .  C o lo ra d o  Sch . M ines ,  v o l .  67 , no . 3 ,  p p .  3 0 -3 1 ,  
p i .  7 ,  f i g .  1.
1973 P o n to s p h a e ra  m u l t i p o r a  (K am ptner) B u rn s .  Rev. E sp .  M i c r o p a l e o . ,  
v o l .  5 ,  no . 1 , p p .  1 51 -153 , p i .  1 ,  f i g s .  7 -1 2 ,  p i .  2 , f i g .  1.
R em arks. T h is  s p e c i e s  was o r i g i n a l l y  d e s c r i b e d  by K am ptner a s
p o s s e s s i n g  40 p e r f o r a t i o n s  a r r a n g e d  i n  t h r e e  r i n g s  a l th o u g h  h i s  i l l u s ­
t r a t i o n s  c l e a r l y  show t h i s  fo rm  p o s s e s s e d  o n ly  two d e f i n i t e  r i n g s ,  w i th
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o t h e r  p e r f o r a t i o n s  b e in g  random ly  a r r a n g e d  w i t h i n  t h e  i n n e r  r i n g .
B urns (1973) s e p a r a t e d  P^ . m u l t i p o r a  from  _P, d i s c o p o r a  w h ere  t h e  fo rm er  
h a s  two d i s t i n c t  r i n g s  o f  p e r f o r a t i o n s  w i th  a d d i t i o n a l  random ly  d i s ­
t r i b u t e d  h o l e s  and t h e  l a t t e r  h a s  t h r e e  d i s t i n c t  r i n g s  o f  p e r f o r a t i o n s .
P o n to s p h a e ra  p a c i f i c a  B urns  1973 
P l a t e  15 , F ig u r e  5 
1973 P o n to s p h a e ra  p a c i f i c a  B u rn s .  Rev. Exp. M i c r o p a l e o . ,  v o l .  5 ,  no .
1, pp . 150-151 , p i .  1, f i g s .  4 - 5 .
Rem arks. A cco rd in g  to  B urns  (1973) t h i s  s p e c i e s  i s  i n t e r m e d i a t e  
i n  s t r u c t u r e  b e tw een  I*, a l b o r a n e n s i s  B a r t o l i n i  and P^ . d i s c o p o r a  
S c h i l l e r  emend. B u rn s .
S u b f a m i l ia  SCYPHOSPHAEROIDEAE B oudreaux  e t  Hay 1969 
D e f i n i t i o n . C o c c o l i t h o p h y te s  b e a r i n g  l a r g e r ,  d e e p e r  b a s k e t - l i k e  
l o p a d o l i t h s .
Genus S cy p h o sp h ae ra  Lohmann 1902 
1902 S cy p h o sp h ae ra  Lohmann. A rch .  P r o t i s t e n k . ,  v o l .  1, p p .  129, 132. 
Type S p e c i e s :  S c y p h o sp h ae ra  a p s t e l n i i  Lohmann 1902.
Rem arks. A lth o u g h  c o c c o s p h e re s  o f  t h i s  genus  a r e  known to  b e a r  
s e v e r a l  ty p e s  o f  l o p a d o l i t h s ,  o n ly  t h e  d e e p ' b a s k e t - l i k e  fo rm s  a r e  
a s s ig n e d  to  t h i s  g e n u s ;  t h e  s h a l l o w e r  l o p a d o l i t h s  w h ich  c o v e r  m os t o f  














S cy p h o sp h ae ra  a p s t e l n l l  Lohmann 1902 
P l a t e  15 , F ig u r e s  7 -9  
S cy p h o sp h ae ra  a p s t e l n i i  Lohmann. A rch .  P r o t i s t e n k . , v o l .  1, 
p .  132, p i .  4 ,  f i g s .  2 6 -3 0 .
S cy p h o sp h ae ra  a p s t e i n i i  Lohmann. Lemmermann, N ord . P l a n k t . , v o l .
21 , p .  XXI35, f i g .  115.
S cy p h o sp h ae ra  a p s t e i n i  Lohmann. Lohmann, I n t e r n .  Rev. H y d ro b io l .  
H y d r o g r . , p .  230 , f i g .  9.
S cy p h o sp h ae ra  a p s t e i n i  Lohmann. Lohmann, V erh .  D e u ts c h .  Z o o l ,
G e s . ,  p .  145, t e x t - f i g .  2 c ,  p .  154, t e x t - f i g s .  1 2 a -d .
S cy p h o sp h ae ra  a p s t e i n i  Lohmann. Lohmann, A rch .  B i o n t . ,  v o l .  4 ,  
no . 3 ,  p .  101, t e x t - f i g .  23.
S cy p h o sp h ae ra  a p s t e i n i  Lohmann. K am ptner ,  A rch .  P r o t i s t e n k . ,  
v o l .  5 8 ,  p .  177.
S cy p h o sp h aera  a p s t e i n i i  Lohmann. S c h i l l e r ,  i n  R a b e n h o r s t :  
K ry p to g a m e n -F lo ra ,  v o l .  1 0 ,  n o .  2 ,  p .  125, f i g .  36 , p .  195, 
f i g .  75a .
S c y p h o sp h ae ra  a p s t e i n i i  Lohmann. D e f l a n d r e ,  B u l l .  S oc . H i s t .  N a t .  
T o u lo u s e ,  v o l .  7 7 ,  p .  130, f i g s .  10 -1 5 .
S cy p h o sp h aera  a p s t e i n i  Lohmann. v a r .  r e c t a  D e f l a n d r e .  B u l l .  Soc.
H i s t .  N a t .  T o u lo u s e ,  v o l .  77 , p p .  1 3 1 -132 , f i g .  16.
S cy p h o sp h ae ra  a p s t e i n i  Lohmann. L e c a l .  S c h la u d e r ,  Ann. I n s t i t .  
O c e a n o g r . , v o l .  26 , no . 3 ,  p p .  2 7 7 -2 7 8 ,  t e x t - f i g .  14.
S cy p h o sp h ae ra  a p s t e i n i  Lohmann. D e f l a n d r e ,  i n  G ra s s e :  T r a i t .
Z o o l . ,  v o l .  1 , p .  444 , f i g s .  3 4 3 b -d ,  p .  4 53 ,  f i g .  350g , p .  4 61 ,  
f i g s .  3 5 9 c -e .














Paleont., vol. 1, p. 110, figs. 39-40.
S cy p h o sp h ae ra  a p B t e l n l  Lohmann. K am ptner, A rch .  P r o t i s t e n k . ,  
v o l .  100 , pp . 1 7 -1 8 ,  p i .  19, t e x t - f l g s .  1 0 -1 1 .
S cy p h o sp h ae ra  a p s t e i n i  Lohmann. G a r d e t ,  P u b l .  S e r .  C a r t e  G e o l .
A l g e r i e ,  S e r ,  2 ,  B u l l .  5 ,  p p .  4 9 4 -4 9 5 ,  p i .  1 ,  f i g .  5 .
S cy p h o sp h ae ra  a p s t e i n i i  Lohmann. K am ptner, V erh .  Kon. N e d e r l .
Akad. W e te n s c h . ,  A fd. N a tu u rk u n d e .  S e r .  2 ,  v o l .  50 , n o .  2 ,  p .
22 , f i g s .  109-112 .
" L o p a d o l i t h s " ,  Cohen, M ic r o p a l e o n to lo g y ,  v o l .  10, p .  288 , p i .
1, f i g s .  5 c -d .
S cy p h o sp h ae ra  a p s t e i n i  Lohmann. K am ptner, Ann. N a t u r h i s t .  M us.,
W ien, v o l .  71, p .  148, p i .  9 ,  f i g s .  6 4 -6 5 ,  67 , p i .  10 , f i g s .
6 9 -7 1 .
S c y p h o sp h ae ra  a p s t e i n i  Lohmann. B r a m le t t e  e t  W ilcoxon , T u lan e  
S tu d .  G eo l .  P a l e o . ,  v o l .  5 ,  p .  107 , p i .  10 , f i g s .  1 ,  2 ,  4. 
S cy p h o sp h ae ra  a p s t e i n i  Lohmann. B oudreaux e t  Hay, Rev. Esp .
M i c r o p a l e o . , v o l .  1, n o .  3 ,  pp . 274 , 277 , p i .  V I,  f i g s .  16 -1 8 .  
S cy p h o sp h ae ra  a p s t e i n i i  Lohmann f . a p s t e i n i i  G a a rd e r  e t  H a s le ,
B u l l .  Mar. S c i . , v o l .  21 , n o ,  2 ,  p .  536 , f i g .  12b.
S cy p h o sp h ae ra  s p .  c f .  _S. a p s t e i n i i  Lohmann. B ukry , I n i t .  R e p t .
D .S .D .P .  Leg 6 , v o l .  V I,  p .  992 , p i .  3 ,  f i g .  6 .
S cy p h o sp h ae ra  a p s t e i n i i  Lohmann. P e r c h - N i e l s e n ,  I n i t .  R e p t .
D .S .D .P .  Leg 12, v o l .  X I I ,  p .  1064, p i .  20 , f i g s .  6 - 7 .
S cy p h o sp h ae ra  a p s t e i n i i  Lohmann. E l l i s ,  Lohman, e t  Wray, Q u a r t .  
C o lo ra d o  Sch. M ines , v o l .  67 , n o .  3 ,  p .  3 1 ,  p i .  7 , f i g .  4. 
S c y p h o sp h ae ra  a p s t e i n i  Lohmann. B o r s e t t i  e t  C a t i ,  G io r .  G eo l.  
s e r .  2 , v o l .  3 8 ,  p t .  2 ,  p .  399 , p i .  4 1 ,  f i g s .  3 a ,  b ,  p i .  42 ,
287
figs. 1-2.
1973 Scyphosphaera apsteinii Lohmann. Stradner, Init. Rept. D.S.D.P.
Leg 13, v o l .  X I I I ,  p t .  2 , p .  1160, p i .  2 0 ,  f i g s .  3 -6 .
R em arks. T h is  s p e c i e s  i s  p a r t  o f  a  p o ly m o rp h ic  c o c c o l i t h o p o r i d  
a s  i l l u s t r a t e d  by  B o r s e t t i  and  C a t i  (1972 , p i .  4 2 ,  f i g s .  1 -2 )  known to  
be  w id e s p re a d  i n  modern o c e a n s .  The f o s s i l  r e c o r d  e x t e n d s  b a c k  to  t h e  
l a t e  M iocene (B oudreaux e t  Hay, 1969 ) .
S cy p h o sp h ae ra  p u lc h e r r im a  D e f la n d r e  1942 
P l a t e  15, F ig u r e  6 
1942 S c y p h o sp h ae ra  p u lc h e r r im a  D e f l a n d r e .  B u l l .  Soc. H i s t .  N a t .
T o u lo u s e ,  v o l .  7 7 ,  p p .  133-134 , f i g s .  2 8 -3 1 .
1952a S c y p h o sp h ae ra  p u lc h e r r im a  D e f l a n d r e .  D e f la n d re ,  i n  G ra s s e :  T r a i t .
Z o o l . ,  v o l .  1 , p .  464 , f i g s .  3 6 1 I - J .
1952b S c y p h o sp h a e ra  p u l c h e r r im a  D e f l a n d r e .  D e f l a n d r e ,  i n  P i v e t e a u :
T r a i t .  P a l e o . ,  v o l .  1 ,  p .  110, f i g .  42 ,
1955 S cy p h o sp h ae ra  p u lc h e r r im a  D e f l a n d r e .  G a r d e t ,  P u b l .  S e rv .  C a r t e .
G eo l.  A l g e r i a ,  S e r .  2 ,  B u l l .  5 ,  p .  4 95 ,  p i .  1 ,  f i g .  6.
1967a S cy p h o sp h ae ra  p u lc h e r r im a  D e f l a n d r e .  B r a m le t t e  e t  W ilcoxon ,
T u la n e  S tu d .  G eo l.  P a l e o . ,  v o l .  5 ,  p .  107 , p i .  10, f i g .  5 .
1969b S cy p h o sp h ae ra  p u lc h e r r im a  D e f l a n d r e .  Bukry e t  B r a m l e t t e ,  I n i t .
R e p t .  D .S .D .P .  Leg 1, v o l .  1, p .  385 ,  p i .  7 , f i g .  B.
1969 S c y p h o sp h ae ra  cam panu la  D e f l a n d r e .  B oudreaux  e t  Hay, Rev. Exp. 
M i c r o p a l e o . ,  v o l .  1 , n o .  3 ,  p .  278 ,  p i .  V I I ,  f i g s .  1 -2 .
1972 S c y p h o sp h ae ra  p u lc h e r r im a  D e f l a n d r e .  E l l i s ,  Lohman, e t  Wray,
Q u a r t .  C o lo ra d o  Sch. M in es ,  v o l .  67 , n o .  3 ,  p .  3 2 ,  p i .  7 ,  f i g .  6 .
1973 S cy p h o sp h ae ra  p u lc h e r r im a  D e f l a n d r e .  S t r a d n e r .  I n i t .  R e p t .
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D .S .D .P .  Leg 13 , v o l .  X I I I ,  p t .  2 ,  p .  1162 , p i .  2 2 ,  f i g s .  1 -2 .  
R em arks. T h i s  s p e c i e s  I s  s i m i l a r  t o  S_. a p s t e i n i i  b u t  h a s  a  
f l a r e d  t o p .  The g e o l o g i c a l  r a n g e  i s  M iocene t o  P l i o c e n e  b u t  i t s  
p r e s e n c e  i n  y o u n g e r  s e c t i o n s  h a s  b e e n  n o te d  b y  E l l i s ,  Lohman, and Wray 
(1 9 7 2 ) .
F a m i l i a  CALCIOSOLENIACEAE K am ptner 1937 
D e f i n i t i o n . F u s i fo rm  c o c c o l i t h o p h y t e s  b e a r i n g  s c a p h o l i t h s .
Genus A n o p lo s o le n l a  D e f l a n d r e  1952 
1859 NON C y l l n d r o th e c a  R a b e n h o r s t ,  n o .  801 .
1920 C y l l n d r o th e c a  Lohmann. A rch .  B l o t . ,  v o l .  4 ,  no . 3 ,  p .  187.
1952a A n o p lo s o le n l a  D e f l a n d r e .  i n  G r a s s e :  T r a i t .  Z o o l . ,  v o l .  1 ,  p .  458. 
Type S p e c i e s :  A n o p lo s o le n l a  b r a s i l i e n s i s  (Lohmann) D e f la n d r e  1952.
R em arks . The ty p e  s p e c i e s  o f  C y l l n d r o th e c a  R a b e n h o rs t  1859 i s  a 
d ia to m  C.  g e r s t e n b e r g e r i  R a b e n h o r s t .  The g e n e r i c  name C y l l n d r o th e c a  
Lohmann t h e r e f o r e  was n o t  a v a i l a b l e  a s  p ro p o s e d  f o r  c o c c o l l t h s .  The 
o r i g i n a l  g e n e r i c  d e s c r i p t i o n  o f  A n o p lo s o le n i a  D e f la n d r e  i s  b a s e d  on 
w hole  c o c c o s p h e re  sp ec im en s  r a t h e r  t h a n  i n d i v i d u a l  c o c c o l l t h s .  The 
o n ly  b a s i s  f o r  d i f f e r e n t i a t i o n  b e tw ee n  t h i s  genus  and C a l c i o l e n i a  Gran 
1911, i s  th e  l a c k  o f  p o l a r  s p i n e  c o c c o l l t h s  i n  A n o p lo s o le n i a . U n t i l  
e l e c t r o n  m ic ro s c o p e  s t u d i e s  hav e  b e e n  made on th e  c o c c o l l t h s  o f  t h e s e  
two g e n e r a  no b e t t e r  s e p a r a t i o n  c a n  b e  made. The p r e s e n t  w r i t e r  
f o l l o w s  c o n v e n t io n  by a s s i g n i n g  t h e  i s o l a t e d  c o c c o l l t h s  to  
A n o p lo s o le n i a  D e f l a n d r e .  I s o l a t e d  s c a p h o l i t h s  form ed by an  e l o n g a t e  
rh o m b o id a l  r im  w i th o u t  s c u l p t u r e ,  w i t h  f l a t  l a t h s  e x te n d in g  t o  t h e  
a p p ro x im a te  c e n t e r  o f  t h e  c e n t r a l  a r e a  and  j o i n i n g  a lo n g  th e  lo n g  a x i s
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o f  t h e  rhomb w ere  a s s ig n e d  to  t h i s  g e n u s .
A n o p lo s o le n ia  b r a s i l i e n s i s  (Lohmann) D e f la n d r e  1952 
P l a t e  16 , F ig u r e s  1 -6  
1920 C y l l n d r o th e c a  b r a s i l i e n s i s  Lohmann. A rch .  B i o t . ,  v o l .  4 ,  n o .  3, 
p .  187, f i g .  56.
1925 C a l c i o s o l e n i a  g r a n i  S c h i l l e r .  A rch .  P r o t i s t e n k . ,  v o l .  51 , p .  27. 
1925 C a l c i o s o l e n i a  g r a n i  v a r .  c y l i n d r o t h e c a e f o r m i s  S c h i l l e r .
K am ptner, Ann. N a t u r h i s t o r .  M us.,  W ien, v o l .  5 1 ,  p p .  9 2 ,  108, 
p i .  12, f i g s .  132-133.
1952a A n o p lo s o le n ia  b r a s i l i e n s i s  (Lohmann) D e f l a n d r e .  i n  G r a s s e :  T r a i t .
Z o o l . ,  v o l .  1 , no . 1 , p .  458 ,  f i g s .  3 ,  5 ,  6 d -e .
1953a " P l a t e  o f  C a l c i o s o l e n i d a e " , D e f la n d r e  e t  F e r t ,  C. R. A cad. S c i . ,  
v o l .  236, p .  329, f i g s .  7 -9 .
1953b " P l a t e  o f  C a l c i o s o l e n i d a e " ,  D e f la n d r e  e t  F e r t ,  B u l l .  Soc. H i s t .  
N a t .  T o u lo u se ,  v o l .  8 8 ,  p .  313 , p i .  3 .
1954 A n o p lo s o le n ia  b r a s i l i e n s i s  (Lohmann) D e f l a n d r e .  D e f la n d r e  e t
F e r t ,  Ann. P a l e o n t . ,  v o l .  40 , p i .  V I I ,  f i g s .  1 - 7 ,  9.
1955 A n o p lo s o le n ia  b r a s i l i e n s i s  (Lohmann) D e f l a n d r e .  H a l l d a l  e t
M a r k a l i ,  Avh. N orske  V id .-A k a d .  O s lo ,  M at. N a tu rv .  K l . ,  n o .  1, 
pp . 14 -1 5 ,  p i .  XVI.
1965b S c a p h o l i t h u s  s p .  D e f la n d r e .  Cohen, L e id s e  G eo l.  M e d ed . , v o l .  35, 
p .  24, p i .  25 , f i g .  d .
1967 A n o p lo s o le n ia  b r a s i l i e n s i s  (Lohmann) D e f l a n d r e .  K am ptner,  Ann.
N a t u r h i s t o r .  Mus. Wien, v o l .  7 1 ,  p p .  12 0 -1 2 1 , p i .  1 , f i g .  5 .
1969 A n o p lo s o le n ia  b r a s i l i e n s i s  (Lohmann) D e f l a n d r e .  B ukry , K ansas
Univ. Paleont. Contr., Art. 51 (Protista 2), p. 64, pi. 38,
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fig. 3.
1971 A n o p lo s o le n ia  b r a s i l i e n s i s  (Lohmann) D e f l a n d r e .  G a a rd e r  e t  H a s le ,
B u l l .  Mar. S c i . ,  v o l .  21 , n o .  2 ,  p .  523, f i g s .  3 a - c .
1972 A n o p lo s o le n ia  b r a s i l i e n s i s  (Lohmann) D e f l a n d r e .  B o r s e t t i  e t  C a t i ,
G io r .  G e o l . ,  s e r .  2 ,  v o l .  3 8 ,  p t .  2 , p .  4 09 ,  p i .  56 , f i g s .  l a - b .
R em arks. The l a c k  o f  p u b l i s h e d  e l e c t r o n  p h o to m ic ro g ra p h s  o f  
s p e c i e s  o f  C a l c i o s o l e n i a  Gran makes i t  e x t r e m e ly  d i f f i c u l t  t o  d e te rm in e  
th e  p o s s i b l e  synonomy w i th  A n o p lo s o le n i a  D e f la n d r e .
Genus S c a p h o l i t h u s  D e f la n d r e  1954 
1954 S c a p h o l i th u s  D e f l a n d r e .  i n  D e f la n d r e  e t  F e r t ,  Ann. P a l e o n t . ,  
v o l .  40 , p .  164.
Type S p e c i e s :  S c a p h o l i t h u s  f o s s i l i s  D e f la n d r e  1954.
R em arks. I s o l a t e d  s c a p h o l i t h s  fo rm ed by an  e l o n g a t e  rhom boid r im  
w i t h  s e c o n d a ry  r e g u l a r l y  sp a c e d  s m a l l e r  rhombs a l t e r n a t i n g  w i t h  f l a t  
l a t h s  e x t e n d in g  a c r o s s  th e  c e n t r a l  a r e a  w ere  a s s ig n e d  t o  t h i s  g e n u s .
S c a p h o l i t h u s  f o s s i l i s  D e f la n d r e  1954 
P l a t e  16, F ig u r e s  7-11
1911 C a l c i o s o l e n i a  m u r ra y i  H l o r t .  ( P a r t . ) ,  I n t e r n .  Rev. H y d ro b io l .
H y d r o g r . , v o l .  4 ,  p .  172, t e x t - f i g .  14.
1912 C a l c i o s o l e n i a  m u r r a y i  H j o r t .  ( P a r t . ) ,  G ran ,  The D ep ths  o f  t h e
O ceans , p .  332 , t e x t - f i g .  239.
1930 C a l c i o s o l e n i a  g r a n i  S c h i l l e r .  ( P a r t . )  i n  R a b e n h o r s t :
K ry p to g a m e n -F lo ra ,  v o l .  10, p .  234.
1952 C a l c i o s o l e n i a  g r a n i  S c h i l l e r .  ( P a r t . )  K am ptner, M ik ro s k o p ie ,
vol. 7, pp. 236-237, 382, text-figs. 13, 24.
1954 Scapholithus fossilis Deflandre. in Deflandre et Fert, Ann.
P a l e o n t . ,  v o l .  4 0 ,  p .  165, p i .  8 ,  f i g s .  12, 16, 17.
1964 S c a p h o l i t h u s  s p . ,  B r a m le t t e  e t  M a r t i n i ,  M ic r o p a le o n to lo g y ,  v o l .  
10 , p i .  7 ,  f i g .  7.
1964 ScapholithuB f o s s i l i s  D e f l a n d r e .  Cohen, M ic r o p a le o n to lo g y ,  v o l .  
10, no . 2 , p .  244, p i .  3 ,  f i g s .  4 a - f ,  p i .  4 ,  f i g s .  2 a - c .
1965a S c a p h o l i t h u s  s p . D e f l a n d r e .  Cohen, G e o l .  M i j n . ,  v o l .  55 , p .  340 , 
p i .  I I ,  f i g .  B.
1965b S c a p h o l i t h u s  s p . D e f l a n d r e .  Cohen, L e id s e  G eo l.  M ed ed . , v o l .  35 , 
p p .  2 4 -2 5 ,  p i .  3 ,  f i g s .  j - 1 ,  p i .  2 5 ,  f i g s .  a - c .
1965 S c a p h o l i t h u s  f o s s i l i s  D e f l a n d r e .  M a n i v i t ,  Rev. M i c r o p a l e o . ,  v o l .
8 ,  n o .  3 ,  p .  193, p i .  1 ,  f i g .  8.
1968 S c a p h o l i t h u s  f o s s i l i s  D e f l a n d r e .  Cohen e t  R e i n h a r d t .  N, J b .  G eo l.
P a l a o n t . ,  A b h . ,  v o l .  131, n o .  3 ,  p .  293 , p i .  19, f i g s .  11 , 15, 
p i .  2 0 ,  f i g .  2.
1968 C a l c i o s o l e n i a  s p . , B la c k ,  P a l a e o n t . ,  v o l .  11 , p t .  5 ,  p .  804 , p i .  
148, f i g .  1.
1968 S c a p h o l i t h u s  s p . ,  B la c k ,  P a l a e o n t . ,  v o l .  11, p t .  5 ,  p i .  148, 
f i g .  2.
1968 S c a p h o l i t h u s  s p . ,  G a r tn e r ,  K ansas  U n iv .  P a l e o n t ,  C o n t r . ,  n o .  48 , 
P r o t i s t a  ( A r t .  1 ) ,  p .  46 , p i .  7 ,  f i g .  4 .
1969 S c a p h o l i t h u s  f o s s i l i s  D e f l a n d r e .  B oudreaux  e t  Hay, Rev. Esp .
M i c r o p a l e o . ,  v o l .  1, n o .  3 ,  p .  281 , p i .  V I I ,  f i g s .  16 -2 0 .
1969 S c a p h o l i t h u s  f o s s i l i s  D e f l a n d r e .  B ukry ,  K ansas  U n iv .  P a l e o n t .
C o n t r . ,  A r t .  51 , ( P r o t i s t a  2 ) ,  p p .  6 4 -6 5 ,  p i .  3 8 ,  f i g s .  5 -8 .
1969b S c a p h o l i t h u s  f o s s i l i s  D e f l a n d r e .  Bukry e t  B r a m le t t e ,  I n i t .  R ep t .
D.S.D.P. Leg 1, vol. I, p. 378, pi. 2, fig. F.
292
1971 Scapholithus fossilis Deflandre. Martini et Worsley, Init. Rept.
D .S .D .P  Leg 7 , v o l .  V I I ,  p t .  2 , p .  1502, p i .  1 , f i g .  1.
1971 S c a p h o l i t h u s  f o s s i l i s  D e f l a n d r e .  Haq, S tockho lm  C o n tr .  G e o l . ,  
v o l .  25 , n o .  3 ,  p .  124 , p i .  XXV, f i g s .  2 -4 .
1971 S c a p h o l i t h u s  s p . D e f l a n d r e .  B la c k ,  dji F u n n e l l  e t  R ie d e l :
M ic ro p a le o n to lo g y  o f  O cean s ,  U n iv .  C am bridge P r e s s ,  p .  621 , 
p i .  4 5 . 1 ,  f i g .  2.
1973 S c a p h o l i t h u s  f o s s i l i s  D e f l a n d r e .  S t r a d n e r ,  I n i t .  R e p t .  D .S .D .P .  
Leg 13, v o l .  X I I I ,  p t .  2 ,  p .  1171, p i .  3 1 ,  f i g .  14.
R em arks. I s o l a t e d  s c a p h o l i t h s  a s s i g n e d  to  t h i s  s p e c i e s  a r e  known 
from t h e  C re ta c e o u s  t o  H o lo cen e  (B oudreaux  and Hay, 1 9 6 9 ) .
Ordo PODORHABDINALES Rood, Hay, et Barnard 1971 
Definition. Coccolithophytes with a marginal area constructed of 
two petaloid cycles of elements which if at all, are only slightly 
Imbricate. The marginal areas of members of this order have a charac­
teristic appearance in bright field and phase contrast illumination, 
being much darker than the background.
F a m i l i a  PODORHABDACEAE N oel 1965 
D e f i n i t i o n . E l l i p t i c a l  c o c c o l l t h s  w i t h  a  p o d o rh a b d ld  r im .
Subfamilia ETHMORHABDOIDEAE Rood, Hay, et 
Barnard 1971
Definition. Elliptical coccollths with a podorhabdld rim and a 
solid or crlbrate center.
Genus C r e ta r h a b d u s  B r a m le t t e  e t  M a r t i n i  1964 
emend. Bukry 1969
1964 C re ta rh ab d u B  B r a m le t t e  e t  M a r t i n i .  M ic r o p a le o n to lo g y ,  v o l .  10, 
n o .  3 ,  p .  299.
1969 C re ta rh a b d u s  B r a m le t t e  e t  M a r t i n i  emend. Bukry. U n iv .  K ansas 
P a l e o .  C o n t r . ,  A r t .  5 1 ,  p .  35.
Type S p e c i e s :  C r e ta r h a b d u s  c o n ic u s  B r a m le t t e  e t  M a r t i n i  1964.
R em arks. C o c c o l l t h s  i n  w hich  t h e  d i s t a l  p o d o rh a b d ld  r im  i s  com­
po sed  o f  two e s s e n t i a l l y  r a d i a l  e le m e n t  c y c l e s .  The n a r ro w  o u t e r  
c y c l e  h a s  i n t e r e l e m e n t  s u t u r e s  o f f s e t  from  th o s e  o f  t h e  i n n e r  c y c l e .
C re ta rh a b d u s  s p .
P l a t e  16, F ig u r e  12 
R em arks. P r e s e r v a t i o n  o f  sp ec im en s  o b s e rv e d  from  th e  G u lf  o f  
M exico was to o  p o o r  t o  p e r m i t  s p e c i f i c  i d e n t i f i c a t i o n .  The known 
g e o l o g ic  r a n g e  o f  t h i s  genus  from  A lb ia n  t o  M a a s t r i c h t i a n  s u g g e s t s  i t  
i s  rew orked  i n  Modern b o t to m  s e d im e n t s .
Genus C r i b r o s p h a e r e l l a  D e f la n d r e  1952 
emend. R e in h a r d t  1964 
1906 NON C r ib r o s p h a e r a  P o p o fsk y .  E rg eb n .  P la n k .  Expd. H um bolt- 
S t i f f t u n g ,  v o l .  3 ,  n o .  1.
1912 C r ib r o s p h a e r a  A rk h a n g e ls k y .  M a fe r .  G eo l.  R o s s . ,  v o l .  25 , p .  411. 
1952b C r i b r o s p h a e r e l l a  D e f la n d r e  jhi P i v e t e a u ,  T r a i t .  P a l e o . ,  v o l .  1, 
p .  I l l ,  f i g .  5 4 a .  (nom. s u b s t .  p ro  C r ib r o s p h a e r a  A rk h an g e lsk y  
19 1 2 ) .
Type S p e c i e s :  C r i b r o s p h a e r e l l a  e h r e n b e r g i  (A rk h an g e lsk y )  D e f la n d r e
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1952. ( d e s ig n a t e d  ty p e  s p e c i e s  a s  C r ib r o s p h a e r a  
e h r e n b e r g i  A rk h a n g e lsk y  by V ek sh in a  1959, p .  7 0 ) .  
R em arks. The ty p e  s p e c i e s  o f  C r ib r o s p h a e r a  P op o fsk y  i s  a 
r a d i o l a r l a n  and  t h e r e f o r e  t h e  name was u n a v a i l a b l e  f o r  u s e  by 
A rk h a n g e ls k y .  A rk h a n g e lsk y  u se d  C r ib r o s p h a e r a  a s  t h e  genus f o r  two new 
s p e c i e s  o f  c o c c o l l t h s  d e s c r i b e d  from  t h e  C r e ta c e o u s  o f  R u s s ia  b u t  
f a i l e d  t o  d e s i g n a t e  a  ty p e  s p e c i e s .  D e f la n d r e  (1952b) p ro p o se d  th e  
g e n e r i c  name C r i b r o s p h a e r e l l a  a s  a  s u b s t i t u t e  f o r  A rk h a n g e ls k y f s  genus 
b u t  a l s o  f a i l e d  t o  d e s i g n a t e  a  ty p e  s p e c i e s .  V ek sh in a  (1959) d e s i g ­
n a t e d  C r ib r o s p h a e r a  e h r e n b e r g i  A rk h a n g e lsk y  a s  t h e  ty p e  s p e c i e s .
E l l i p t i c a l  c r i b r i l i t h s  w i t h  a  p o d o rh a b d ld  r im  composed o f  a  s i n g l e  
c y c l e  o f  l a r g e  e le m e n ts  i n  eac h  o f  two o r  t h r e e  t i e r s  w ere  a s s ig n e d  t o  
t h i s  g e n u s .
C r i b r o s p h a e r e l l a  s p .
P l a t e  16, F ig u r e  13 
R em arks. P r e s e r v a t i o n  o f  sp ec im en s  from  t h e  G u lf  o f  M exico was 
to o  p o o r  t o  p e r m i t  s p e c i f i c  i d e n t i f i c a t i o n .  The known g e o l o g ic  ra n g e  
o f  t h i s  genus  from  A p t ia n  to  M a a s t r i c h t i a n  s u g g e s t s  i t  i s  rew orked  i n  
Modern b o tto m  s e d im e n ts .
F a m i l i a  PREDISCOSPHAERACEAE Rood,
Hay, e t  B a rn a rd  1971 
D e f i n i t i o n . C i r c u l a r  c o c c o l l t h s  w i t h  a  p o d o rh a b d ld  r im .
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S u b f a m i l i a  PREDISCOSPHAEROIDEAE G a r tn e r  1968 emend.
Rood, Hay, e t  B a rn a rd  1971 
D e f i n i t i o n . C i r c u l a r  c o c c o l l t h s  w i th  a  p o d o rh a b d ld  r im  and f o u r  
b u t t r e s s e s  s u p p o r t i n g  a  s q u a r e  s tem  c o n s t r u c t e d  o f  lo n g  l a t h s .
Genus P r e d i s c o s p h a e r a  V ek sh in a  1959 
1959 P r e d i s c o s p h a e r a  V e k sh in a .  SNIIGIMS, T ru d y ,  v o l .  2 ,  p p .  64 , 73. 
Type S p e c i e s :  P r e d i s c o s p h a e r a  d e c o r a t a  V ek sh in a  1959.
R em arks. C i r c u l a r  c o c c o l l t h s  w i th  a  p o d o rh a b d ld  r im  and t h e  cen ­
t r a l  a r e a  spanned  by b u t t r e s s e s  s u p p o r t i n g  a  s q u a r e  s tem  w ere  a s s ig n e d  
to  t h i s  g en u s .
P r e d i s c o s p h a e r a  c r e t a c e a  (A rk h an g e lsk y )
G a r tn e r  1969 
P l a t e  16, F ig u r e s  14-15 
1912 C o c c o l i t h o p h o ra  c r e t a c e a  A rk h a n g e ls k y .  M a te r .  G eo l.  R u s s . ,  v o l .
25 , p .  410 , p i .  6 , f i g s .  12 -1 3 .
1952a NON C o c c o l i t h u s  c r e t a c e u s  (A rk h a n g e lsk y )  D e f l a n d r e .  i n  G ra s se :  
T r a i t .  Z o o l . ,  v o l .  1 ,  p .  463 , f i g .  300D.
1954 R h a b d o l i th u s  i n t e r c i s u s  D e f l a n d r e .  i n  D e f la n d r e  e t  F e r t ,  Ann.
P a l e o . ,  v o l .  4 0 ,  p .  159, p i .  13 , f i g s .  1 2 -1 3 ,  t e x t - f i g s .  9 1 -9 2 .  
1957 D i s c o l i t h u s  c r e t a c e u s  (A rk h a n g e lsk y )  G orka. A c ta  P a l a e o n t .
P o l o n i c a ,  v o l .  2 ,  p .  251 , p i .  2.
1959 D i s c o l i t h u s  c r e t a c e u s  (A rk h a n g e lsk y )  G orka. B la c k  e t  B a rn e s ,
G eo l.  M ag., v o l .  96 , p .  326 , p i .  11, f i g s .  1 -2 .
1959 P r e d i s c o s p h a e r a  d e c o r a t a  V e k s h in a ,  ( p a r t i m ) , SNIIGIMS, T ru d y ,  v o l .  
2 ,  p .  73 , p i .  1, f i g s .  8 - 9 ,  p i .  2 ,  f i g .  13a.
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1959 Zygrhabllthus Intercisus (Deflandre) Deflandre. Rev.
M ic r o p a l e o . ,  v o l .  2 ,  no . 3 ,  p .  136, p i .  1 , f i g s .  5 -2 0 .
1964 D e f l a n d r i u s  c r e t a c e u s  (A rk h an g e lsk y )  B r a m le t t e  e t  M a r t i n i ,  
M ic r o p a l e o n to lo g y ,  v o l .  10 , p .  301 , p i .  2 , f i g s .  11 -12 .
1964 D e f l a n d r i u s  i n t e r c i s u s  ( D e f la n d r e )  B r a m le t t e  e t  M a r t i n i ,  
M ic ro p a le o n to lo g y ,  v o l .  10 , p .  301 , p i .  2 ,  f i g s .  13 -16 .
1969 P r e d i s c o s p h a e r a  c r e t a c e a  (A rk h an g e lsk y )  G a r tn e r .  U n iv . K ansas 
P a le o .  C o n t r .  S e r .  48 , P r o t i s t a  (A r t .  1 ) ,  p p .  1 9 -2 0 ,  p i .  2 ,  
f i g s .  1 0 -1 4 ,  p i .  3 ,  f i g .  8 .
1972 P r e d i s c o s p h a e r a  c r e t a c e a  (A rk h an g e lsk y )  G a r t n e r .  W ilcoxon ,
I n i t .  R e p t .  D .S .D .P .  Leg 11, v o l .  X I,  p .  444 , p i .  6 ,  f i g .  7 .
1972 P r e d i s c o s p h a e r a  co lu m n a tu s  ( S to v e r )  Bukry e t  B r a m l e t t e .  ( P a r t . ) ,
I n i t .  R e p t .  D .S .D .P .  Leg 11, v o l .  X I ,  p .  448 , p i .  8 ,  f i g s .  7 - 8 .
R em arks. The known g e o l o g ic  r a n g e  o f  t h i s  s p e c i e s  from  A lb ia n  to
M a a s t r i c h t i a n  s u g g e s t s  i t  i s  rew orked  i n  Modern b o t to m  s e d im e n ts .
P r e d i s c o s p h a e r a  s p in o s a  (B r a m le t t e  e t  
M a r t i n i )  G a r tn e r  1969 
P l a t e  16, F ig u r e  16
1964 D e f l a n d r i u s  s p in o s u s  B r a m le t t e  e t  M a r t i n i .  M ic ro p a l e o n to lo g y ,  
v o l .  10, p .  301 , p i .  2 ,  f i g s .  17 -20 .
1969 P r e d i s c o s p h a e r a  s p in o s a  ( B r a m le t t e  e t  M a r t i n i )  G a r t n e r .  U n iv .
K ansas  P a le o .  C o n t r .  S e r .  4 8 ,  P r o t i s t a ,  A r t .  1 , pp . 2 0 -2 1 ,  
p i .  2 , f i g s .  1 5 -1 6 ,  p i .  3 ,  f i g s .  9 -1 0 .
1972 P r e d i s c o s p h a e r a  s p in o s a  ( B r a m l e t t e  e t  M a r t i n i )  G a r t n e r .  W ilcoxon ,
I n i t .  R e p t .  D .S .D .P .  Leg 11 , v o l .  X I ,  p .  4 5 0 ,  p i .  9 ,  f i g s .  5 -6 .
R em arks. The known g e o l o g ic  r a n g e  o f  t h i s  s p e c i e s  from  S a n to n ia n
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t o  M a a s t r i c h t i a n  s u g g e s t s  i t  i s  rew orked  i n  Modern b o t to m  s e d im e n t s .
FORMAE INCERTAE SEDIS 
D e f i n i t i o n . C a lc a r e o u s  n a n n o f o s s i l s  o f  unknown o r  u n c e r t a i n  
b i o l o g i c a l  a f f i n i t y  w hich  c a n n o t  b e  g rouped  i n t o  a  h i e r a r c h i a l  c l a s s i -  
f i c a t o r y  scheme above f a m i ly  r a n k .
F a m i l i a  CALYPTROSPHAERACEAE Boudreaux e t  
Hay 1969
D e f i n i t i o n . C o c c o l i t h o p h y te s  b e a r i n g  h o l o c o c c o l i t h s .
Genus C a l y p t r o s p h a e r a  Lohmann 1902 
1902 C a ly p t r o s p h a e r a  Lohmann. A rch .  P r o t i s t e n k . ,  v o l .  1, p p .  129, 135. 
Type S p e c i e s :  C a ly p t r o s p h a e r a  g lo b o s a  Lohmann 1902. S u b s e q u e n t ly
d e s i g n a t e d  ty p e  s p e c i e s  by D e f la n d r e  1952a.
R em arks. C a ly p t ro fo rm  h o l o c o c c o l i t h s  w ere  a s s ig n e d  t o  t h i s  g e n u s .
C a l y p t r o s p h a e r a  c a t i l l i f e r a  (K am ptner) G aa rd e r  1962 
P l a t e  17, F ig u r e  1 
1937 S y ra c o s p h a e ra  c a t i l l i f e r a  K am ptner. A rch .  P r o t i s t e n k . ,  v o l .  89 , 
no . 3 ,  p .  301, p i .  14, f i g s .  10-11 .
1941 S y ra c o s p h a e ra  c a t i l l i f e r a  K am ptner. K am ptner, Ann. N a tu r h .  M us.,  
Wien, v o l .  51, p p .  8 1 ,  103, p i .  IV , f i g s .  4 3 -4 5 .
1944 S y ra c o s p h a e ra  c a t i l l i f e r a  K am ptner. K am ptner, O e s t e r r .  B o t.
Z e i t . ,  Wien, v o l .  93 , p .  139.
1954b S y ra c o s p h a e ra  c a t i l l i f e r a  K am ptner. L e c a l ,  V ie  e t  M i l i e u ,  v o l .  4 ,  
s u p p l .  3 ,  p .  183.
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1962 C a l y p t r o s p h a e r a  c a t i l l i f e r a  (K am ptner) G a a rd e r .  N y t t  Mag. B o t . ,  
v o l .  10, pp . 3 6 -3 8 ,  p i .  1, f i g .  1.
1972 S y r a c o l i t h u s  c a t l l l l f e r u s  (K am ptner) B o r s e t t i  e t  C a t l ,  G lo r .
G e o l . ,  S e r .  2 ,  v o l .  3 8 ,  p t .  2 ,  p p .  39 8 -3 9 9 , p i .  XL, f i g s .  2 a -b .
R em arks. G a a rd e r  (1962) p r e s e n t s  an  e x c e l l e n t  d i s c u s s i o n  o f  t h i s  
s p e c i e s  c o m p le te  w i t h  an  i l l u s t r a t i o n  o f  i t s  h y p o t h e t i c a l  c r y s t a l  
p a t t e r n .  £ .  c a t i l l i f e r a  i s  known o n ly  from  th e  R e c e n t .
C a l y p t r o s p h a e r a  o b lo n g a  Lohmann 1902 
P l a t e  17 , F ig u r e  2 
1902 C a l y p t r o s p h a e r a  o b lo n g a  Lohmann. A rch .  P r o t i s t e n k . ,  v o l .  1, 
p .  135, p i .  5 ,  f i g s .  4 3 -4 6 .
1908 C a l y p t r o s p h a e r a  o b lo n g a  Lohmann. Lemmermann, Nord, P l a n k t . , 
v o l .  21 , p .  XXI37, f i g .  124.
1930 C a l y p t r o s p h a e r a  o b lo n g a  Lohmann. S c h i l l e r ,  i n  R a b e n h o r s t :
K ry p to g a m e n -F lo ra ,  v o l .  10, no . 2 ,  p .  222, f i g .  108.
1955 C a l y p t r o s p h a e r a  o b lo n g a  Lohmann. H a l l d a l  e t  M a r k a l i ,  Avh. N orske
V id .-A k a d .  O s lo ,  M a t . - N a t u r v . , K l . , no . 1, p .  8 ,  p i .  1.
1971 C a l y p t r o s p h a e r a  o b lo n g a  Lohmann. G a a rd e r  e t  H a s le ,  B u l l .  Mar.
S c i . ,  v o l .  2 1 ,  no . 2 ,  p p .  5 2 9 -5 3 0 ,  f i g s .  5 a -b .
R em arks. A c c o rd in g  t o  H a l l d a l  and M a r k a l i  (1955 , p .  8) th e  
c r y s t a l  s t r u c t u r a l  e l e m e n ts  o f  t h i s  c a l y p t r o f o r m  h o l o c o c c o l i t h  a r e  
h e x a g o n a l  p r i s m s  w i t h  b a s a l  p in a c o i d s  {0001} a r r a n g e d  i n  a  tw o- 
d im e n s io n a l  l a t t i c e  w i t h  h e x a g o n a l  o p e n in g s .  Specim ens o b s e rv e d  from 
b o tto m  s e d im e n ts  o f  G u lf  o f  Mexico d i s p l a y  a  s i m i l a r  u l t r a s t r u c t u r e .
Genus A n th o s p h a e ra  Kamptner 1936 
1936 A n th o s p h a e ra  K am ptner. Anz. Akad. W ls s . ,  W ien, M a th .-N a tu rw .
K l . , v o l .  73 , p p .  244-245 .
Type S p e c i e s :  A n th o s p h a e ra  f r a g a r i a  K am ptner 1936.
R em arks. C o c c o l i t h o p h y te s  w hich  b e a r  d im o rp h ic  c a l y p t r o f o r m  
h o l o c o c c o l i t h s  w ere  a s s ig n e d  t o  t h i s  g e n u s .  Those h o l o c o c c o l i t h s  o f  
t h e  c i r c u m f l a g e l l a r  r e g i o n  a r e  s t r o n g l y  i n f l a t e d  t o  form  a  p e t a l o i d  
d i s t a l  s t r u c t u r e .
A n th o s p h a e ra  q u a t r i c o r n u  ( S c h i l l e r )
H a l l d a l  e t  M a rk a l i  1955 
P l a t e  17, F ig u r e  3 
1914 S y ra c o s p h a e ra  q u a t r i c o r n u  S c h i l l e r .  I n t .  Rev. H y d ro b io l .
H y d r o g r . ,  B i o l .  S u p p l .  6 ,  v o l .  4 ,  n o .  5 ,  p .  6 ,  p i .  2 ,  f i g .  19 
(1 8 ) .
1925 S y ra c o s p h a e ra  q u a t r i c o r n u  S c h i l l e r .  S c h i l l e r ,  A rch .  P r o t i s t e n k .
v o l .  5 1 ,  p .  22 , p i .  2 ,  f i g .  18.
1927 S y ra c o s p h a e ra  q u a d r ic o r n u  S c h i l l e r .  K am ptner, A rch .  P r o t i s t e n k .  
v o l .  5 8 ,  p .  179.
1930 S y ra c o s p h a e ra  q u a d r ic o r n u  S c h i l l e r .  S c h i l l e r ,  i n  R a b e n h o r s t :  
K ry p to g a m e n -F lo ra ,  v o l .  10 , n o .  2 ,  p .  212 , f i g .  96.
1941 A n th o s p h a e ra  r o b u s t a  (Lohmann) K am ptner. ( P a r t . ) ,  Ann. N a tu rh .
M us.,  Wien, v o l .  51 , pp . 8 6 -8 7 ,  p i .  9 ,  f i g s .  9 1 -9 4 ,  p .  107.
1955 A n th o s p h a e ra  q u a d r ic o r n u  ( S c h i l l e r )  H a l l d a l  e t  M a r k a l i .  Avh.
N orske  V id . A k a d . ,  M a th -N a tu rv .  K l . ,  n o .  1, p .  17, p i .  21.
1969 A n th o sp h a e ra  r o b u s t a  (Lohmann) K am ptner. M c In ty r e ,  j n  Degens e t  
R oss :  Hot B r in e s  and Heavy M e ta l  D e p o s i t s  i n  t h e  Red S e a ,
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Springer-Verlag Pub., p. 302, pi, 2, fig. C.
1969 A n th o s p h a e ra  q u a t r i c o r n u  ( S c h i l l e r )  H a l l d a l  e t  M a r k a l i .
B oudreaux  e t  Hay, Rev. E sp .  M i c r o p a l e o . ,  v o l .  1 ,  n o .  3 ,  p .  280, 
p i .  V I I I ,  f i g .  20 .
1972 A n th o s p h a e ra  q u a d r ic o r n u  ( S c h i l l e r )  H a l l d a l  e t  M a r k a l i .  B o r s e t t l  
e t  C a t i ,  G io r .  G e o l . ,  S e r .  2 ,  v o l .  38 , p t .  2 ,  p .  403 , p i .  48 , 
f i g .  1.
Rem arks. The sp ec im en  f i g u r e d  i n  t h i s  r e p o r t  i s  i n t e r p r e t e d  to
b e  a  h o l o c o c c o l i t h  from  th e  c i r c u m f l a g e l l a r  r e g i o n  o f  t h e  c o c c o s p h e re .
The p e t a l o i d  d i s t a l  s t r u c t u r e  o f  t h e  sp ec im en  i s  o n ly  p a r t i a l l y  
p r e s e r v e d .
Genus C o r i s p h a e r a  K am ptner 1936
1936 C o r i s p h a e r a  K am ptner. Anz. Akad. W i s s . , M ien , M a th . - N a tu r w is s .
K l . , v o l .  73 , n o .  25 , p .  244.
Type S p e c i e s :  C o r i s p h a e r a  g r a c i l i s  K am ptner 1937.
R em arks. Z y g o l i t h  h o l o c o c c o l i t h s  composed o f  t i g h t l y  packed
m i c r o c r y s t a l s  o f  r e g u l a r  c a l c i t e  rhom bohedrons w ere  a s s i g n e d  t o  t h i s  
g e n u s .
C o r i s p h a e r a  g r a c i l i s  Kam ptner 1937 
P l a t e  17, F ig u r e s  4 -6
1937 C o r i s p h a e r a  g r a c i l i s  K am ptner. A rch .  P r o t i s t e n k . ,  v o l .  89 ,
no . 3 ,  p .  307 , p i .  16, f i g s .  3 3 -3 5 .
1941 C o r i s p h a e r a  g r a c i l i s  K am ptner. K am ptner ,  N a tu rh .  Mus. Wien,
A n n .,  v o l .  51 , p p .  9 0 ,  107, p i .  X I ,  f i g s .  1 13 -116 .
1952a C o r i s p h a e r a  g r a c i l i s  K am ptner. D e f l a n d r e ,  i n  G ra s s e :  T r a i t .
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Zool., vol. 1, p. 456, figs. 353D-F.
1962 C o r is p h a e ra  g r a c i l i s  K am ptner. G a a rd e r ,  N y t t .  Mag. B o t . ,  v o l .
10 , p .  4 1 , p i .  IV .
R em arks. G aa rd e r (1 9 6 2 , p .  41) p r e s e n t s  a  re v ie w  o f  th e  p o s s i b l e  
o r i g i n s  o f  th e  b r id g e  s t r u c t u r e  i n  t h i s  h o lo c o c c o l i t h .  F o s s i l  o c c u r ­
r e n c e s  o f  g r a c i l i s  a r e  unknown.
Genus H o lo d is c o l i th u s  R o th  1970 
1970 H o lo d is c o l i th u s  R o th . E c o lg a e  G eo l. H e lv . ,  v o l .  6 3 , n o . 3 ,
p . 866.
Type S p e c ie s :  H o lo d is c o l i th u s  m acro p o ru s  (D e f la n d re )  R oth  1970.
R em arks. F o r a  c o m p le te  d i s c u s s io n  o f  t h i s  gen u s s e e  R oth  1970.
The ty p e  s p e c ie s  D is c o l i th u s  m acro p o ru s  D e f la n d re  1954 i s  a h o lo ­
c o c c o l i t h .
H o lo d is c o l i th u s  m a cro p o ru s  (D e f la n d re )  R oth  1970 
P l a t e  17 , F ig u re s  7-11 
1954 D is c o l i th u s  m acro p o ru s  D e f la n d re .  i n  D e f la n d re  e t  F e r t ,  Ann.
P a l e o n t . ,  v o l .  4 0 , p . 138 , p i .  11 , f i g .  5 .
1962 D is c o l i th u s  m acro p o ru s  D e f la n d re .  S t r a d n e r ,  V e rh . G eo l.
B u n d e s a n s t . ,  W ien, v o l .  2 , p . 3 6 5 , p i .  1 , f i g s .  1 -1 3 .
1964 D is c o l i th u s  m acro p o ru s  D e f la n d re .  Cohen, M ic ro p a le o n to lo g y ,  
v o l .  10 , n o . 2 , p . 236 , p i .  3 ,  f i g s .  5 a - c ,  p i .  4 , f i g s .  6 a -b .
1965 D is c o l i th u s  m acro p o ru s  D e f la n d re .  C ohen, L e id s e  G eo l. M eded .,
v o l .  35 , p . 15, p i .  3 ,  f i g .  U.
1967 D i s c o l i t h i n a  m acro p o ru s  (D e f la n d re )  L e v in  e t  J o e r g e r .
Micropaleontology, vol. 13, p. 167, pi. 2, fig. 5.
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1968 (1967) D is c o l i th u s  m acropo rus D e f la n d re .  S a l e s ,  Rev. P a la e o b o t .  
P a l y n o l . , v o l .  5 , p .  29 4 , p i .  1 , f i g .  6 .
1969 D i s c o l i t h i n a  m acro p o ra  (D e f la n d re )  L ev in  e t  J o e r g e r .  B l lg u ta y ,
J a f a r ,  S t r a d n e r ,  e t  S z o ts ,  1 s t  I n t e m a t .  P la n k . C o n f. ,  v o l .  1, 
p i .  4 , f i g s .  10 -1 1 .
1970 H o lo d is c o l i th u s  m acro p o ru s  (D e f la n d re )  R o th . E co lg a e  H e lv .
G e o l . ,  v o l .  63 , n o . 3 , p p . 8 6 6 -8 6 7 , p i .  11 , f i g .  6 .
1973 H o lo d is c o l i th u s  m acro p o ru s  (D e f la n d re )  R o th . B u rn s , Rev. E sp.
M ic r o p a le o n t . , v o l .  5 , n o . 1 , p .  158 , p i .  2 , f i g .  15.
1973 C r i s t a l l o l i t h u s  m acro p o ru s  (D e f la n d re )  Sachs e t  S k in n e r .  T u lan e
S tu d . G eo l. P a l e o . ,  v o l .  10 , n o . 3 , p p . 154 -1 5 5 , p i .  5 , f i g s .
1 -4 .
R em arks. D is c o l i th u s  m acro p o ru s  D e f la n d re  was o r i g i n a l l y  
d e s c r ib e d  from  th e  E ocene Omarhu D ia to m ite  o f  New Z e a la n d . R o th  (1970) 
e r e c te d  H o lo d is c o l i th u s  to  s e p a r a t e  " s i n g l e  p l a t e s  com posed o f  s m a ll  
cu b es  i n  th e  m anner o f  h o lo c o c c o l i t h s " ,  from  th e  h e t e r o c o c c o l i t h  genus 
D is c o l i th u s  to  w hich  th e y  had  p r e v io u s ly  b e e n  a t t r i b u t e d .  H. 
m acro p o ru s  (D e f la n d re )  R o th  c l e a r l y  d e m o n s tr a te s  a  h o lo c o c c o l i th  u l t r a ­
s t r u c t u r e .  A lth o u g h  no o c c u r re n c e s  o f  t h i s  s p e c ie s  a r e  known be tw een  
E ocene and M odern s e d im e n ts ,  no m o rp h o lo g ic a l  d i f f e r e n c e s  can  b e  found 
b e tw een  th e  two fo rm s . T h e r e f o re ,  th e  w id e ly  s e p a r a te d  o c c u r re n c e s  
a r e  th o u g h t t o  r e p r e s e n t  an  in c o m p le te  b i o s t r a t i g r a p h i c  r e c o r d  f o r  a 
s i n g l e  s p e c ie s  r a t h e r  th a n  th e  r e s t r i c t e d  o c c u r re n c e  o f  two s e p a r a t e  
s p e c ie s .
Genus H om ozygosphaera D e f la n d re  1952 
1952a H om ozygosphaera D e f la n d re .  l j i  G ra s se : T r a i t .  Z o o l . ,  v o l .  1,
p . 455 .
Type S p e c ie s :  H om ozygosphaera s p in o s a  (K am ptner) D e f la n d re  1952 =
C o r is p h a e ra  s p in o s a  K am ptner 1936.
R em arks. Z y g o l i th i c  h o lo c o c c o l i th s  w i th  a  h ig h - s p a n  b a r  su r ro u n d ­
ed by l a r g e  p o re s  w ere  a s s ig n e d  to  t h i s  g e n u s . D e f la n d re  (1952a) n o te s  
t h a t  c o c c o sp h e re s  o f  t h i s  gen u s a r e  n o t  p o ly m o rp h ic  b u t  a l l  c o c c o l l t h s  
on th e  c e l l  a r e  m o rp h o lo g ic a l ly  s i m i l a r .
H om ozygosphaera d a lm a t ic a  (K am ptner) n o v . comb.
P l a t e  17 , F ig u re s  12-16  
1927 S y ra c o s p h a e ra  d a lm a t i c a  K am ptner. A rch . P r o t i s t e n k . ,  v o l .  5 8 , 
p . 178 , f i g .  2 .
1930 S y ra c o s p h a e ra  d a lm a t ic a  K am ptner. S c h i l l e r ,  i n  R a b e n h o rs t:  
K ry p to g a m e n -F lo ra , v o l .  10 , n o . 2 , p p . 2 0 2 -2 0 3 , f i g .  8 6 .
1941 S y ra c o s p h a e ra  d a lm a t ic a  K am ptner. K am ptner, N a tu r h i s t .  Mus.
W ien, A n n ., v o l .  5 1 , p . 8 1 , p i .  4 , f i g s .  4 6 -4 8 , p .  104.
1951 S y ra c o s p h a e ra  d a lm a t ic a  K am ptner. L e c a l- S c h la u d e r ,  Ann. I n s t .
O c e a n o g r . , v o l .  26 , n o . 3 ,  p .  324 , p i .  10 , f i g s .  3 -4 .
1963 S y r a c o l i th u s  d a lm a t ic a  (K am ptner) L o e b l ic h  e t  T appan . P ro c .
B io l .  S oc. W ash ., v o l .  76 , p .  193.
1965 S y ra c o s p h a e ra  d a lm a t ic a  K am ptner. C ohen, L e id s e  G eo l. M eded ., 
v o l .  3 5 , pp . 1 9 -2 0 , p i .  3 , f i g .  V, p i .  24 , f i g s .  b -d .
1972 S y r a c o l i th u s  d a lm a t ic u s  (K am ptner) B o r s e t t i  e t  C a t i ,  G io r . G e o l . ,  
S e r .  2 , v o l .  3 8 , p t ,  2 , p .  399 , p i .  4 3 , f i g s .  l a - c .
1973 S y ra c o s p h a e ra  d a lm a t ic a  K am ptner. S t r a d n e r ,  I n i t ,  R e p t. D .S .D .P .
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vol. 13, pt. 2, pi. 29, p. 1169.
R em arks. K am ptner (1927) d e s c r ib e d  t h i s  s p e c ie s  a s  b e lo n g in g  to  
Lohmann1s g en u s  S y ra c o s p h a e ra . I n  1941 K am ptner e r e c te d  two su b g e n e ra  
o f  S y ra c o s p h a e ra  Lohmann c a l l e d  S y ra c o ll th u B  and E u s y ra c o s p h a e ra  
a s s ig n in g  j>. d a lm a t ic a  t o  h i s  new su b g en u s S y r a c o l i t h u s . L o e b l ic h  e t  
Tappan (1963) e l e v a te d  K a m p tn e r 's  su b g en u s  S y r a c o l i th u s  t o  g e n e r ic  
r a n k  and d e s ig n a te d  S y r a c o l i th u s  d a lm a t ic a  (K am ptner) a s  ty p e  s p e c i e s .  
D e f la n d re  (1 9 5 2 a , p .  453) l i s t e d  S y r a c o l i th u s  K am ptner a s  a  genus and 
i l l u s t r a t e d  S y r a c o l i th u s  c a t i l l i f e r u s  (K am ptner) K am ptner =
C a ly p tro s p h a e ra  c a t i l l i f e r a  (K am ptner) G a a rd e r . Inasm uch a s  th e  ty p e  
s p e c ie s  o f  S y ra c o s p h a e ra  Lohmann i s  a  h e t e r o c o c c o l i t h  th e  ty p e  s p e c ie s  
f o r  K a m p tn e r 's  s u b g e n e ra  sh o u ld  a l s o  h a v e  b een  h e t e r o c o c c o l i t h s  w hich  
th e y  w ere  n o t .  L o e b l ic h  and T a p p a n 's  e l e v a t i o n  o f  K a m p tn e r 's  su b ­
g e n e ra  to  g e n e ra  m ust b e  r e j e c t e d  b e c a u s e  th e y  to o  a s s ig n e d  h o lo -  
c o c c o l i t h  s p e c i e s  a s  ty p e s  f o r  a  h e t e r o c o c c o l i t h  g e n e ra .  B o r s e t t i  and 
C a t i  (1972) a p p a r e n t ly  unaw are  o f  L o e b l ic h  and  T appan*s 1963 taxonom ic 
change  a l s o  p ro p o se d  S y r a c o l i th u s  d a lm a t ic u s  (K am ptner) even  th o u g h  
th e y  c l e a r l y  i l l u s t r a t e d  th e  s p e c ie s  a s  a  h o lo c o c c o l i t h .  The p r e s e n t  
a u th o r  p ro p o s e s  th e  new c o m b in a tio n  H om ozygosphaera d a lm a t ic a  (K am ptner) 
t o  r e c o g n iz e  th e  z y g o l i t h i c  h o lo c o c c o l i th  s t r u c t u r e  o f  t h i s  s p e c i e s .
F a m il ia  CERATOLITHACEAE N o r r is  1965 
D e f i n i t i o n . C o c c o l i th o p h y te s  b e a r in g  c e r a t o l i t h s .
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Genus Ceratolithus Kamptner 1950
1950 Ceratolithus Kamptner. Anz. Osterr. Akad. Wiss., Math-Naturw,
K l . ,  v o l .  8 7 , p p . 154, 158.
Type S p e c ie s :  C e r a t o l i t h u s  c r i s t a t u s  K am ptner 1950.
R em arks. C e r a t o l i t h s  fo rm in g  e lo n g a te  c r e s c e n t s  w ere  a s s ig n e d  to
t h i s  g en u s .
C e r a t o l i t h u s  c r i s t a t u s  K am ptner 1950 
P l a t e  18 , F ig u re s  1-4
1950 C e r a t o l i t h u s  c r i s t a t u s  K am ptner. A nz. O s t e r r .  Akad. W is s . ,
M ath-N aturw . K l . , v o l .  8 7 , p p . 154 , 158.
1952b C e r a t o l i t h u s  c f .  c r i s t a t u s  K a m p tn e r . ' D e f la n d re ,  i n  P iv e te a u :
T r a i t .  P a l e o . ,  v o l .  1 , p .  I l l ,  f i g .  55.
1954a C e r a t o l i t h u s  c r i s t a t u s  K am ptner. K am ptner, A rch . P r o t i s t e n k . ,  
v o l .  100 , p p . 4 3 -4 5 , f i g s .  4 4 -4 5 .
1954 C e r a t o l i t h u s  c f .  c r i s t a t u s  K am ptner. B ra m le tte  e t  R ie d e l ,  J o u r .
P a l e o . ,  v o l .  2 8 , n o . 4 ,  p .  39 4 , p i .  38 , f i g .  9 .
1963 C e r a t o l i t h u s  a f f . C. c r i s t a t u s  K am ptner. M a r t in i  e t  B r a m le t te ,
J o u r .  P a l e o . ,  v o l .  37 , n o . 4 ,  p .  854 .
1964 C e r a t o l i t h u s  c r i s t a t u s  K am ptner. Cohen, M ic ro p a le o n to lo g y , v o l .
10, p p . 24 4 , 246 , p i .  5 , f i g s .  5 a - d ,  p i .  6 , f i g .  5 .
1965 C e r a t o l i t h u s  c r i s t a t u s  K am ptner. Cohen, L e id s e  G eo l. M eded ., 
v o l .  35 , p . 3 6 , p i .  3 , f i g s .  m -n.
1965 C e r a t o l i t h u s  c r i s t a t u s  K am ptner. N o r r i s ,  A rch . P r o t i s t e n k . ,  
v o l .  108, p p . 1 9 -2 1 , p i .  11 , f i g s .  1 -4 , p i .  12 , f i g s .  1 -4 .
1965 C e r a t o l i t h u s  te le s m u s  N o r r i s .  A rch . P r o t i s t e n k . ,  v o l .  108 , p . 21 , 
p i .  11 , f i g s .  5 - 7 ,  p i .  13 , f i g s .  1 -3 .
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1967 CeratolithuB cristatus Kamptner. Takayama, Jb. Geol, Ba., vol.
110, p . 196, p i .  1 , f i g s .  2 -4 .
1967 " C e r a t o l l t h " ,  M c In ty re , B e, e t  F r e l k s t a s ,  i n  S e a r s :  P r o g r e s s  In
O cean o g rap h y , Pergam on P r e s s ,  v o l .  4 , p i .  3 , f i g s .  c ,  p i .  6 , 
f i g .  D.
1967 C e r a t o l i t h u s  c r i s t a t u s  K am ptner. K am ptner, Ann. N a tu r h i s t o r .
Mus. W ien, v o l .  71 , p .  123, p i .  1 , f i g s .  6 -7 ,  p i .  2 , f i g .  8 .
1968 C e r a t o l i t h u s  c r i s t a t u s  K am ptner. Cohen e t  R e in h a r d t ,  N. J b .
G eo l. P a l a o n t . ,  A b h ., v o l .  131 , no . 3 , p . 300 , p i .  19 , f i g .  4 , 
p i .  21 , f i g .  8 .
1968 C e r a t o l i t h u s  c r i s t a t u s  K am ptner. emend. Bukry e t  B ra m le t te .
T u la n e  S tu d . G e o l . ,  v o l .  6 ,  n o . 4 ,  p p . 15 0 -1 5 2 , p i .  1 , f i g s .
1 -4 .
1969 C e r a t o l i t h u s  c r i s t a t u s  K am ptner. B oudreaux  e t  Hay, Rev. E sp . 
M ic r o p a le o . ,  v o l .  1 , n o . 3 ,  p .  287 , p i .  X, f i g s .  16 -1 9 .
1971 C e r a t o l i t h u s  c r i s t a t u s  K am ptner. N o r r i s ,  P ro c .  2nd I n t e r n e t .
P la n k .  C o n f . ,  Rome 1970, v o l .  2 , p p . 906 , 908 , f i g s .  8 -1 1 .
1972 C e r a t o l i t h u s  c r i s t a t u s  K am ptner. E l l i s ,  Lohman, e t  W ray, Q u a r t. 
C o lo ra d o  Sch . M in es , v o l .  6 7 , n o . 3 , p .  57 , p i .  17, f i g s .  5 -6 .
1973 C e r a t o l i t h u s  c r i s t a t u s  K am ptner. B ukry , I n i t .  R e p t. D .S .D .P .
Leg 16, v o l .  XVI, p .  676.
R em arks. The p o in te d  arm s w hich  form  th e  c r e s c e n t  sh ap e  o f  t h i s  
c e r a t o l l t h  s p e c ie s  a r e  u s u a l ly  o f  d i f f e r e n t  l e n g th s .  O f te n  th e r e  i s  a 
s e r i e s  o f  r i d g e s ,  r i b s ,  o r  k n o b s , o f  v a ry in g  le n g th s  a lo n g  a t  l e a s t  one 
o f  th e  a rm s. E l l i s ,  Lohman, and Wray (1972) r e p o r t  th e  ra n g e  C.  
c r i s t a t u s  from  th e  P l io c e n e  to  H o lo cen e .
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F a m ll ia  DISCOASTERACEAE V ek sh in a  1959 
= DISCOASTEROIDEAE Tan S in  Hok 1927 
D e f i n i t i o n . O r t h o l i t h i d  a s t e r o l i t h s  composed o f  c a lc iu m  
c a r b o n a te .
Genus D is c o a s te r  Tan S in  Hok 1927 
ex . B ra m le t te  e t  R ie d e l  1954 
1927b D is c o a s te r  Tan S in  Hok. P ro c .  S e c t .  Sc. Kon. Akad. W etensch .
A m sterdam , v o l .  3 0 , p .  412 .
1954 D is c o a s te r  Tan S in  Hok ex. B ra m le t te  e t  R ie d e l ,  J o u r .  P a l e o . ,  
v o l .  28 , n o . 4 , p .  3 9 4 -3 9 6 .
Type S p e c ie s :  D is c o a s te r  p e n t a r a d i a t u s  Tan S in  Hok emend. B ra m le tte
e t  R ie d e l  1954 (S u b se q u e n tly  d e s ig n a te d  ty p e  s p e c ie s  by 
L o e b lic h  e t  T appan , 1963, p . 1 9 2 ).
R em arks. S t e l l a t e  a s t e r o l i t h s  w ere  a s s ig n e d  to  t h i s  g en u s .
D is c o a s te r  p e n t a r a d i a t u s  Tan S in  Hok 1927 ex .
B ra m le t te  e t  R ie d e l  1954 
P l a t e  18 , F ig u re  5 
1927a D is c o a s te r  p e n t a r a d i a t u s  v a r .  gamma Tan S in  Hok. J a a r b .  M ijnw.
N e d e r l . - I n d i e ,  v o l .  5 5 , p .  120, f i g .  14.
1927b D is c o a s te r  p e n t a r a d i a t u s  v a r .  gamma Tan S in  Hok. Tan S in  Hok, 
P ro c . S e c t .  Sc. Kon. A kad. W e te n sc h ., A m sterdam , v o l .  3 0 , p .
4 1 6 , f i g .  14.
1934 P is c o a B te r  p e n t a r a d i a t u s  v a r .  gamma Tan S in  Hok. D e f la n d re ,  B u l l .
S oc. F ra n c . M ic r o s c . ,  v o l .  3 , p .  6 4 , f i g .  14.
1952b D is c o a s te r  p e n t a r a d i a t u s  Tan S in  Hok. D e f la n d re  i n  P iv e te a u :
Trait. Paleo., vol. 1, p. 112, fig. 64.
1954 D is c o a s te r  p e n t a r a d i a t u s  Tan S in  Hok e x . B ra m le t te  e t  R ie d e l .
J o u r .  P a l e o . ,  v o l .  2 8 , p p . 4 0 1 -4 0 2 , p i .  39 , f i g .  11 , t e x t - f i g s .  
2 a -b .
1956 D is c o a s te r  c o r n ig e r  C ham rai e t  L a z a re v a . D ok l. Nauk. S .S .S .R . , 
v o l .  108, p .  713 , f i g .  7 .
1958 D is c o a s te r  p e n t a r a d ia t u s  Tan S in  Hok. M a r t in i ,  S enckenb . L e t h . , 
v o l .  3 9 , n o . 5 /6 ,  p . 35 9 , p i .  3 , f i g s .  1 2 a -b .
1959a D is c o a s te r  p e n t a r a d i a t u s  Tan S in  Hok. S t r a d n e r ,  5 th  W orld 
P e t r o l .  C o n g r . , S e c t .  1 , v o l .  6 0 , p .  11 , f i g s .  4 6 , 4 8 .
1959b D is c o a s te r  p e n t a r a d i a t u s  Tan S in  Hok. S t r a d n e r ,  E rd o e l-
Z e i t s c h r i f t ,  v o l .  75 , n o . 12, p .  4 8 0 , p i .  3 , f i g s .  4 6 , 48 .
1960 D is c o a s te r  p e n t a r a d i a t u s  Tan S in  Hok e x . B ra m le tte  e t  R ie d e l
(p a r tim ) . N o e l, B u l l .  Soc. H i s t .  N a t. A f r .  N ord , v o l .  5 1 , p . 222 , 
p i .  3 , f i g .  10.
1960 NON D is c o a s te r  p e n t a r a d i a t u s  Tan S in  Hok ex . B ra m le t te  e t  R ie d e l  
(p a r tim ) . N o e l, B u l l .  Soc. H i s t .  N a t. A f r .  N ord , v o l .  5 1 , p . 22 , 
p i .  3 , f i g .  13.
1960 NON D is c o a s te r  p e n t a r a d i a t u s  Tan S in  Hok. B a ld i-B e k e , F o ld t .  
K o z l . ,  v o l .  9 0 , p . 218, p i .  14, f i g .  18.
1961 D is c o a s te r  p e n t a r a d i a t u s  Tan S in  Hok e x . B ra m le tte  e t  R ie d e l .  
S t r a d n e r  e t  P ap p , J b .  G eo l. B u n d e sa n s t.  S pec . v o l .  n o . 7 , p p . 
8 7 -8 8 , p i .  21 , f i g s .  1 -4 .
1963 D is c o a s te r  p e n t a r a d i a t u s  Tan S in  Hok. M a r t in i  e t  B ra m le t te ,
J o u r .  P a l e o . ,  v o l .  37 , p .  853 , p i .  105, f i g .  5.
1967a D is c o a s te r  p e n t a r a d i a t u s  Tan S in  Hok. B ra m le tte  e t  W ilcoxon 
T u la n e  S tu d . G eo l. P a l e o . ,  v o l .  5 , p .  112.
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1967 D is c o a s te r  p e n t a r a d i a t u s  Tan S in  Hok. Takayam a, J b .  G eo l.
A .B ., v o l .  110, p p . 19 4 -1 9 5 , p i .  4 , f i g s .  5 , 8 , p i .  7 , 
f i g s .  1 -4 .
1968 (1967) D is c o a s te r  p e n t a r a d i a t u s  Tan S in  Hok. S a le s ,  R ev.
P a la e o b o t .  P a l y n o l . ,  v o l .  5 ,  p .  295 , p i .  1 , f i g .  19.
1969 D is c o a s te r  p e n ta r a d ia t u s  Tan S in  Hok. B oudreaux e t  H ay, Rev.
E sp . M ic r o p a le o . , v o l .  1 , n o . 3 , p . 282 , p i .  LX, f i g s .  1 -3 , 13.
1971 D is c o a s te r  p e n t a r a d i a t u s  Tan S in  Hok. M a r t in i ,  P ro c . 2nd 
I n t e r n a t .  P la n k . C onf. ,  Rome 1970, v o l .  2 , p . 784 , f i g .  14.
1972 D is c o a s te r  p e n ta r a d ia t u s  Tan S in  Hok. E l l i s ,  Lohman, e t  W ray,
Q u a r t .  C o lo ra d o  Sch . M ines, v o l .  67 , n o . 3 , pp . 4 9 -5 0 , p i .  14 , 
f i g s .  3 -4 .
1973 D is c o a s te r  p e n ta r a d ia t u s  Tan S in  Hok, S t r a d n e r ,  I n i t .  R e p t.
D .S .D .P . Leg 13, v o l .  X I I I ,  p t .  2 , p .  1171, p i .  31 , f i g s .  316 .
R em arks. The r e p o r te d  ra n g e  o f  1). p e n t a r a d i a t u s  from  th e  l a t e  
M iocene to  P l io c e n e  and th e  known e x t i n c t i o n  o f  a l l  d i s c o a s t e r s  i n  th e  
e a r l y  P l e i s t o c e n e  s u g g e s ts  t h i s  s p e c ie s  i s  rew orked  in  G u lf  o f  M exico 
b o tto m  s e d im e n ts .
D is c o a s te r  c a l c a r i s  G a r tn e r  1967 
P l a t e  18, F ig u re  6 
1967b D is c o a s te r  c a l c a r i s  G a r tn e r .  U n iv . K an sas , P a le o .  C o n t r . ,  P a p e r  
2 9 , p . 2 , p i .  2 , f i g s .  1 -3 .
1967 D is c o a s te r  c a l c a r i s  G a r tn e r .  H ay, M o h le r, R o th , S ch m id t, e t  
B o u dreaux , T ra n s .  G .C .A .G .S ., v o l .  17 , p .  468 , p i .  5 , f i g .  5 .
1972 D is c o a s te r  c a l c a r i s  G a r tn e r .  E l l i s ,  Lohman, e t  W ray, Q u a r t .
Colorado Sch. Mines, vol. 67, no. 3, p. 42, pi. 12, figs. 4-5.
R em arks. The g e o lo g ic  ra n g e  o f  t h i s  s p e c ie s  i s  r e s t r i c t e d  to  th e  
M iocene a n d , t h e r e f o r e ,  i s  c o n s id e re d  rew orked  w here found i n  Modern 
b o tto m  s e d im e n ts .
D is c o a s te r  c h a l l e n g e r !  B ra m le tte  e t  R ie d e l  1954 
P l a t e  18, F ig u re  7 
1954 D is c o a s te r  c h a l l e n g e r !  B ra m le tte  e t  R ie d e l .  J o u r .  P a l e o . ,  v o l .
28 , n o . 4 , p . 401 , p i .  39 , f i g .  10.
1961 NON D is c o a s te r  c h a l l e n g e r !  B ra m le t te  e t  R ie d e l .  S t r a d n e r ,  E rd o e l 
Z e i t . ,  J a g r g . ,  v o l .  7 7 , n o . 3 ,  p i .  17 , f i g s .  1 -3 , p i .  18 , f i g s .  
1- 6 .
1963 D is c o a s te r  c h a l l e n g e r !  B ra m le t te  e t  R ie d e l .  M a r t in i  e t  B ra m le t te  
J o u r .  P a l e o . ,  v o l .  3 7 , no . 4 , p .  85 1 , p i .  103, f i g s .  1 1 -1 2 .
1963 D is c o a s te r  c h a l l e n g e r !  B ra m le t te  e t  R ie d e l .  E r ic s o n ,  Ew ing, e t  
W o llin ,  S c ie n c e ,  v o l .  139, p . 732 , f i g .  7.
1964 D is c o a s te r  c h a l l e n g e r !  B ra m le tte  e t  R ie d e l .  Cohen, 
M ic ro p a le o n to lo g y , v o l .  10 , n o . 2 , p .  243 , p i .  3 , f i g .  6 .
1965 D is c o a s te r  c h a l l e n g e r !  B ra m le tte  e t  R ie d e l .  Cohen, L e id s e  G eo l. 
M ed ed ., v o l .  35 , p . 3 2 , p i .  7 , f i g s .  e - g .
1967 D is c o a s te r  c h a l l e n g e r !  B ra m le tte  e t  R ie d e l .  H ay, M o h le r, R o th ,
S ch m id t, e t  B o u dreaux , T ra n s , G .C .A .G .S ., v o l .  17 , p .  46 6 , p i .  4 
f i g s .  9 -1 0 .
1967 D is c o a s te r  c h a l l e n g e r !  B ra m le tte  e t  R ie d e l .  B ra m le tte  e t
W ilco x o n , T u la n e  S tu d . G eo l. P a l e o . ,  v o l .  5 , n o . 3 , p . 109, 
p i .  8 , f i g .  1.
1972 D is c o a s te r  c h a l l e n g e r i  B ra m le tte  e t  R ie d e l .  E l l i s ,  Lohman, e t  
W ray, Q u a r t .  C o lo rad o  Sch. M in es , v o l .  67, n o . 3 , pp . 4 2 -4 3 ,
311
pi. 12, fig. 6.
R em arks. D is c o a s te r  c h a l l e n g e r !  B ra m le t te  and R ie d e l  I s  r e p o r te d  
from  th e  l a t e  O lig o c e n e  and M iocene and  I s  c o n s id e re d  rew orked  w here  
found  In  M odern b o tto m  s e d im e n ts .
F a m il ia  HALOPAPPACEAE K am ptner 1928 
D e f i n i t i o n . C o c c o l i th o p h y te s  b e a r in g  o s t e o l i t h s  a s  ap p e n d a g e s .
Genus H alopappus Lohmann 1912 
1912a HalopappuB Lohmann. I n s t i t .  M eer. v e r .  A. G eogr. N atu rw . R e lh e , 
v o l .  1 , p . 38.
Type S p e c ie s :  H alopappus v a h s e l i  Lohmann 1912.
R em arks. O s t e o l i t h s  com posed o f  two e lo n g a te  s e c t i o n s  b r id g e d  
by l a t h s  w ere  a s s ig n e d  to  t h i s  g en u s .
H alopappus s p .  "A"
P l a t e  19 , F ig u re s  1-2  
R em arks. P r e s e r v a t i o n  o f  sp ec im en s  o f  t h i s  gen u s was to o  p o o r to
p e rm it  p o s i t i v e  s p e c ie s  i d e n t i f i c a t i o n .  T hose members o f  th e  genus
w hich  had a  s e r a t e  te rm in u s  a t  th e  l a r g e  end o f  th e  o s t e o l l t h  w ere  
d e s ig n a te d  m orpho type "A ."
H alopappus s p ,  "B"
P l a t e  19, F ig u re s  3 -6  
R em arks. P r e s e r v a t i o n  o f  sp ec im en s  o f  th e  genus was to o  p o o r  to
p e rm it  p o s i t i v e  s p e c ie s  i d e n t i f i c a t i o n .  T hose members o f  th e  genus
w h ich  had a  sm ooth te rm in u s  a t  th e  l a r g e  end o f  th e  o s t e o l l t h  w ere
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d e s ig n a te d  m orpho type  "B ."
F a m il ia  OOLITHOTACEAE new fa m ily  
D e f i n i t i o n . C o c c o l i th o p h y te s  b e a r in g  o r t h o l i t h i d  p l a c o l i t h s  w ith  
a  p o ly g o n a l o u t l i n e .
Type G enus: O o l i th o tu s  R e in h a rd t  1968.
T r ib u s  OOLITHOTEAE new t r i b e  
D e f i n i t i o n . O r t h o l i t h i d  p l a c o l i t h s  w ith  a  p o ly g o n a l  o u t l i n e  
c o n s t r u c te d  o f  many c o n t ig u o u s  r a y s  r a d i a t i n g  from  an  o f f - c e n t e r e d  
p o in t .
Type G enus: O o l i th o tu s  R e in h a rd t  1968.
Genus O o l i th o tu s  R e in h a rd t  1968 
1968 O o l i th o tu s  R e in h a rd t ,  i n  Cohen e t  R e in h a r d t ,  N. J b .  G eo l.
P a l e o n t . ,  A b h ., v o l .  131, p . 297.
Type S p e c ie s :  O o l i th o tu s  a n t i l l a r u m  (Cohen) R e in h a rd t  1968.
R em arks. Cohen and R e in h a rd t  (1 9 6 8 , p .  297) p r e s e n t  a co m p le te  
d i s c u s s io n  on th e  fo rm a t io n  o f  t h i s  g e n u s . A l l  p l a c o l i t h s  h a v in g  a  
b i l a t e r a l  sy m m e tr ic a l o v ifo rm  p la n  v iew  and no c e n t r a l  p o re  w i th  th e  
o p t i c  ax es  a r r a n g e d  a t  r i g h t  a n g le s  to  th e  d i s t a l  s u r f a c e  o f  th e  r im  
w ere a s s ig n e d  to  t h i s  g en u s .
O o l i th o tu s  a n t i l l a r u m  (C ohen) R e in h a rd t  1968 
P l a t e  19 , F ig u re s  7 -12  
1930 C o c c o l i th u s  f r a g i l i s  Lohmann. S c h i l l e r ,  ijn R a b e n h o rs t:
Kryptogamen-Flora, vol. 10, no. 2, p. 131, fig. 43, p. 243,
figs. 120, 137b-c.
1955 Coccolithus fragilis Lohmann. Gardet, Publ. Serv. Carte Geol.
A lg e r ie ,  S e r .  2 , B u l l .  5 , p p . 5 11 , 51 3 , p i .  V, f i g s .  4 8 a -b .
1960 C y c lo c o c c o l i th u s  f r a g i l i s  (Lohmann) D e f la n d re .  H a s le ,  N y t t .
Mag. B o t . ,  v o l .  8 ,  p i .  I l l ,  f i g s .  3 -7 .
1964 D is c o l i th u s  a n t i l l a r u m  Cohen. M ic ro p a le o n to lo g y ,  v o l .  10, p .
236 , p i .  1 , f i g s .  3 a - e ,  p i .  2 , f i g s .  2 a -b .
1965a D is c o l i th u s  a n t i l l a r u m  Cohen. C ohen, G eo l. en M i j n . , v o l .  5 5 ,
p . 338 , p i .  1, f i g .  C-D.
1967 D is c o l i th u s  a n t i l l a r u m  Cohen. M c In ty re ,  B e, e t  P r e i k s t a s ,  jjn  
S e a r s :  P ro g re s s  i n  O cean o g rap h y , v o l .  4 , p p . 7 - 8 ,  p i .  1,
f i g s .  C-D.
1967 C y c lo c o c c o l i th u s  f r a g i l i s  (Lohmann) D e f la n d r e ,  M c In ty re ,  e t  Be, 
D eep-Sea R e s . ,  v o l .  14 , p . 5 70 , p i .  9 , f i g .  C.
1968 O o l i th o tu s  a n t i l l a r u m  (Cohen) R e in h a r d t ,  ir i Cohen e t  R e in h a r d t ,  
N. J b .  G eo l. P a l e o n t . ,  A b h ., v o l .  131 , p .  29 7 , p i .  1 9 , f i g s .  
1 9 -2 3 , p i .  2 1 , f i g s .  1 , 5 , 7 .
1969 O o l i th o tu s  a n t i l l a r u m  (Cohen) R e in h a r d t .  B oudreaux  e t  H ay, Rev,
E sp . M ic r o p a le o . , v o l .  1 , n o . 3 , p .  287 , p i .  IX , f i g s .  1 9 -2 0 , 
p i .  X, f i g s .  1 -3 .
1970 D is c o l i th u s  a n t i l l a r u m  Cohen. B a r t o l i n i ,  M ic ro p a le o n to lo g y , 
v o l .  16, p p . 1 3 5 -136 , p i .  3 , f i g s .  4 , 6 .
1973 O o l i th o tu s  a n t i l l a r u m  (Cohen) R e in h a r d t .  S t r a d n e r ,  I n i t .  R e p t.
D .S .D .P . Leg 13 , v o l .  X I I I ,  p t .  2 , p .  1147, p i .  7 ,  f i g .  6. 
R em arks. See Cohen and  R e in h a rd t  (1968) f o r  a  d i s c u s s io n  o f  t h i s  
s p e c i e s .
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T r ib u s  ORTHAMBODISCAE new t r i b e  
D e f i n i t i o n . O r th o l i t h id  p l a c o l i t h s  w i th  a  p o ly g o n a l o u t l i n e  co n ­
s t r u c t e d  o f  many c o n tig u o u s  r a y s  r a d i a t i n g  from  a  c e n te r e d  p o in t .
Type G enus: O rth am b o d iscu s  G a r tn e r ,  i n  p r e s s .
Genus O rth am b o d iscu s  G a r tn e r ,  i n  p r e s s  
Type S p e c ie s :  O rth am b o d iscu s p e rp le x u s  (B ra m le t te  e t  R ie d e l)
G a r tn e r ,  in  p r e s s .
R em arks. T h is  genus was p ro p o se d  to  In c lu d e  th o s e  n a n n o f o s s i l s  
u s u a l l y  i d e n t i f i e d  a s  D is c o a s te r  p e rp le x u s  B ra m le t te  e t  R ie d e l ,  w here 
t h e  c o c c o l i t h  i s  n o t  a  d i s c o a s t e r  b u t  r a t h e r  a p l a c o l i t h .
O rth am b o d iscu s  p e rp le x u s  (B ra m le t te  e t  R ie d e l)
G a r tn e r ,  i n  p r e s s  
P l a t e  2 0 , F ig u re s  1-5  
1954 D is c o a s te r  p e rp le x u s  B ra m le t te  e t  R ie d e l .  J o u r .  P a l e o . ,  v o l .  28 , 
n o . 4 ,  p p . 4 0 0 -4 0 1 , p i .  3 9 , f i g .  9 .
1961 D is c o a s te r  p e rp le x u s  B ra m le t te  e t  R ie d e l .  S t r a d n e r  e t  P app ,
G eo l. B u n d e s a n t .,  J h r b . ,  S pec . v o l .  7 , p .  100 , p i .  3 0 , f i g s .
1 -7 , t e x t - f i g .  9 /1 0 .
1961 D is c o a s te r  p e rp le x u s  B ra m le t te  e t  R ie d e l .  B la ck  e t  B a rn e s ,  J o u r .
Roy. M ic ro s . S o c . ,  v o l .  8 0 , p t .  2 , p p . 1 4 4 -145 , p i .  2 4 , f i g .  1. 
1964 D is c o a s te r  p e rp le x u s  B ra m le tte  e t  R ie d e l .  Cohen, M ic ro p a le o n ­
to lo g y ,  v o l .  10 , p p . 2 4 6 -2 4 7 , p i .  5 , f i g s .  4 a - c ,  p i .  6 , f i g s .
4 a -b .
1965a D is c o a s te r  p e rp le x u s  B ra m le tte  e t  R ie d e l .  C ohen, G eo l. en 
M i jn . , v o l .  55 , p .  338 , p i .  1, f i g .  F .
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1965 D is c o a s te r  p e rp le x u s  B r a m le t te  e t  R ie d e l .  B la c k , E nd eav o u r, 
v o l .  14 , n o . 9 3 , p .  135 , f i g .  18.
1967 D is c o a s te r  p e rp le x u s  B ra m le t te  e t  R ie d e l .  K am ptner, Ann.
N a tu r h i s t o r .  M u s., W ien, v o l .  7 1 , p . 165, p i .  2 3 , f i g s .  1 1 8 -119 , 
p i .  24 , f i g .  125.
1967 D is c o a s te r  p e rp le x u s  B ra m le t te  e t  R ie d e l .  Takayam a, J b .  G eo l.
B a . ,  v o l .  110, p .  195 , p i .  4 , f i g .  9 .
1967a D is c o a s te r  p e rp le x u s  B ra m le t te  e t  R ie d e l .  B ra m le tte  e t  W ilcoxon ,
T u lan e  S tu d . G eo l. P a l e o . ,  v o l .  5 , n o . 3 ,  p . 112 , p i .  7 , f i g .  5 .
1967 D is c o a s te r  p e rp le x u s  B ra m le t te  e t  R ie d e l .  H ay, M o h le r, R o th ,
S ch m id t, e t  B o u dreaux , T ra n s . G .D .A .G .S ., v o l .  17 , p i .  5 ,
f i g s .  10 -1 2 .
1968 (1967) D is c o a s te r  p e rp le x u s  B ra m le t te  e t  R ie d e l .  S a le s ,  Rev.
P a la e o b o t .  P a l y n o l . ,  v o l .  5 , p .  295 , p i .  1 , f i g .  14.
1968 D is c o a s te r  ex  g r .  p e rp le x u s  B ra m le t te  e t  R ie d e l .  Cohen e t  
R ie n h a rd t ,  N. J b .  G eo l. P a la o n t .  A b h ., v o l .  131 , no . 3 , p . 300, 
p i .  19, f i g .  20.
1969 D is c o a s te r  p e rp le x u s  B ra m le t te  e t  R ie d e l .  B oudreaux e t  H ay, Rev.
E sp . M ic r o p a le o . ,  v o l .  1 , n o . 3 , p .  286 , p i .  IX, f i g s .  1 4 -1 8 .
1971a D is c o a s te r  p e rp le x u s  B r a m le t te  e t  R ie d e l .  B ukry , I n i t .  R e p t.
D .S .D .P . Leg 6 , v o l .  V I, p .  9 94 , p i .  4 , f i g .  5 .
1972 D is c o a s te r  p e rp le x u s  B ra m le t te  e t  R ie d e l .  E l l i s ,  Lohman, e t
W ray, Q u a r t .  C o lo rad o  S ch . M in es , v o l .  67 , n o . 3 , p . 50 , p i .  14,
f i g .  5 .
1973 D is c o a s te r  p e rp le x u s  B ra m le t te  e t  R ie d e l .  S t r a d n e r ,  I n i t .  R e p t. 
D .S .D .P . Leg 13, v o l .  X I I I ,  p t .  2 , p .  1148, p i .  8 ,  f i g .  5 .
R em arks. T h is  s p e c ie s  a l th o u g h  t r a d i t i o n a l l y  d e s c r ib e d  a s  a
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d i s c o a s t e r  I s  a  p l a c o l i t h .  G a r tn e r  ( p e r s o n a l  comm. 1973) h a s  p ro p o sed  
th e  genus O rth am b o d iscu s  to  r e c e iv e  th e s e  o r t h o l i t h i d  p l a c o l i t h s .
F a m il ia  SPHENOLITHACEAE D e f la n d re  1952 
e x .  V ek sh in a  1959 
D e f i n i t i o n . C o c c o l i th o p h y te s  b e a r in g  s p h e n o l i th s .
Genus S p h e n o li th u s  D e f la n d re  1952 
1952a S p h e n o li th u s  D e f la n d r e . _in G ra s s e : T r a i t .  Z o o l . ,  v o l .  1 , p .  466 .
Type S p e c ie s :  S p h e n o li th u s  r a d ia n s  D e f la n d re .  1952a,
R em arks. A l l  s p h e n o l i t h s  w ere  a s s ig n e d  to  t h i s  g en u s .
S p h e n o li th u s  a b ie s  D e f la n d re  1954 
P l a t e  2 0 , F ig u re  6
1953 S p h e n o li th u s  a b i e s  D e f la n d re .  C .R . A cad. S c i , ,  P a r i s ,  v o l .  237 , 
p . 1786 (Nom. N u d .) .
1954 S p h e n o li th u s  a b i e s  D e f la n d re .  Ijn D e f la n d re  e t  F e r t ,  Ann. P a l e o n t . ,  
v o l .  4 0 , p .  164 , p i .  10, f i g s .  1 -4 .
1968 S p h e n o li th u s  a b i e s  D e f la n d re .  S a le s ,  Rev. P a la e o b o t .  P a l y n o l . ,  
v o l .  5 , p . 294 , p i .  1 , f i g .  5 .
1969 S p h e n o li th u s  a b i e s  D e f la n d re .  B oudreaux  e t  H ay, Rev. E sp,
M ic ro p a le o . ,  v o l .  1 , n o . 3 , p .  280 , t e x t - f i g .  A.
1969b S p h e n o li th u s  a b i e s  D e f la n d re .  B ukry e t  B r a m le t te ,  I n i t .  R e p t.
D .S .D .P . Leg 1, v o l .  I ,  p .  348, p i .  6 , f i g .  F .
1972 S p h e n o li th u s  a b i e s  D e f la n d re .  E l l i s ,  Lohman, e t  W ray, Q u a r t .
C o lo ra d o  S ch . M in es , v o l .  67 , n o . 3 ,  p p . 3 4 -3 5 , p i .  9 ,  f i g s .  1 -2 .
1972 S p h e n o li th u s  a b i e s  D e f la n d re .  P e r c h - N ie l s e n ,  I n i t .  R e p t. D .S .D .P .
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Leg 12, vol. XII, p. 1058, pi. 17, fig. 6.
1973 S p h e n o li th u s  a b i e s  D e f la n d re .  S t r a d n e r ,  I n i t .  R e p t. D .S .D .P .
Leg 13 , v o l .  X I I I ,  p t .  2 , p .  1186, p i .  4 6 , f i g .  5 .
R em arks. T h is  s p e c ie s  i s  r e p o r t e d  r e s t r i c t e d  to  th e  l a t e  P l io c e n e  
( E l l i s ,  Lohman, and W ray, 1972) and t h e r e f o r e ,  i s  c o n s id e re d  rew orked  
w here found  i n  b o tto m  s e d im e n ts .
" S p h e n o l i th  F rag m en ts"
P l a t e  2 0 , F ig u r e s  7 -10  
R em arks. C o rro d ed  c y l i n d r i c a l  sp ec im en s  o f  b io g e n ic  c a lc iu m  
c a rb o n a te  som etim es h a v in g  a  c o l l a r - l i k e  r im  w ere  o b se rv e d  i n  b o tto m  
se d im e n t sam p les  from  th e  G u lf o f  M exico . A cco rd in g  to  E l l i s ,  Lohman, 
and W ray, (1 9 7 2 , p . 3 5 -3 6 , p i .  9 ,  f i g s .  3 -4 )  th e s e  o b j e c t s  a r e  
s p h e n o l i th s  b e lo n g in g  to  th e  gen u s S p h e n o li th u s  D e f la n d re .  The known 
g e o lo g ic  ra n g e  o f  t h i s  gen u s i s  P a le o c e n e  to  P l io c e n e ,  t h e r e f o r e  th e  
p r e s e n c e  o f  " S p h e n o l i th  F rag m en ts"  i n  b o tto m  s e d im e n ts  i n d i c a t e s  
p ro b a b le  re w o rk in g .
" F a m il ia "  INCERTAE SEDIS 
Genus M lcu la  V ek sh in a  1959
1959 M icu la  V e k sh in a . SNIIGIMS, T ru d y , n o . 2 , p p . 64 , 71 ,
1960 N a n n o te t r a s te r  M a r t in i  e t  S t r a d n e r .  E rd o e l .  Z e i t s c h r . , v o l .  76 ,
p . 266.
Type S p e c ie s :  M icu la  d e c u s s a ta  V ek sh in a  1959 (N o te : S p e l l in g  v a r i e s
i n  t e x t  and on p l a t e  d e s c r i p t i o n s -  V. d e c u s s a ta ,  p . 71 ; 
V. d e g u s s a ta ,  p . 7 1 , p i .  1 , f i g .  6 ; V. d e g u s s ta ,  p i .  2 , 
f i g .  11) ■ M icu la  s ta u r o p h o r a  (G a rd e t)  S t r a d n e r  1963.
R em arks. S in c e  th e  ty p e  s p e c ie s  o f  b o th  M icu la  V e k sh in a , and
N a n n o te t r a s te r  M a r t in i  e t  S t r a d n e r  a r e  th e  sam e, ( s e e  below ) th e
l a t t e r  m ust b e  c o n s id e re d  a  j u n i o r  synonym.
M icu la  s ta u r o p h o r a  (G a rd e t)  S t r a d n e r  1963 
P l a t e  20 , F ig u re  11
1955 D is c o a s te r  s ta u r o p h o r u s  G a rd e t .  S e rv . C a r te  G e o l . ,  A lg e r ie ,  
B u l l . ,  v o l .  5 , p .  53 4 , p i .  10 , f i g .  96 .
1959 T r o c h a s te r  s ta u ro p h o ru s  (G a rd e t)  S t r a d n e r .  E r d o e l . - Z e i t s c h r . , 
v o l .  75 , n o , 12 , p .  4 8 0 , f i g s .  4 9 -5 0 .
1959 M icu la  d e c u s s a ta  V e k sh in a . SNIIGIMS, T ru d y , n o . 2 , p . 71 , p i .  1 
f i g .  6 , p i .  2 , f i g .  11.
1960a T r o c h a s te r  s ta u ro p h o ru s  (G a rd e t)  S t r a d n e r .  M a r t i n i ,  N o t iz b l .
H ess . L an d esam t. B o d e n fo rsc h . W ie s . ,  v o l .  88 , p p . 8 2 -8 3 , p i .  10 
f i g .  37 .
1960 N a n n o te t r a s t e r  s ta u r o p h o r u s  (G a rd e t)  S t r a d n e r .  i n  M a r t in i  e t  
S t r a d n e r ,  E rd o e l .  Z e i t s c h r . , v o l .  76 , p .  26 6 , f i g .  1.
1960 N a n n o te t r a s te r  co n cav u s  S t r a d n e r .  i n  M a r t in i  e t  S t r a d n e r ,  
E r d o e l . - Z e i t s c h r . ,  v o l .  7 6 , p .  269 , t e x t - f i g s .  1 8 a -d .
1961 T r o c h a s te r  s ta u r o p h o r u s  (G a rd e t)  S t r a d n e r .  M a n iv i t ,  S e rv . C a r te  
G e o l . ,  A lg e r ie ,  B u l l . ,  v o l .  2 5 , p .  371 , p i .  10, f i g .  6 .
1961 N a n n o te t r a s t e r  s ta u ro p h o ru s  (G a rd e t)  M a r t in i  e t  S t r a d n e r .
M a r t in i ,  S e n c k e n b e r. L e t h . , v o l .  42 , p .  16.
1961 N a n n o te t r a s te r  s ta u ro p h o ru s  (G a rd e t)  M a r t in i  e t  S t r a d n e r .
Q tto ilup t pi i jp u t ,  ItiuntpppiKtl, Wt«m, J u h r b . , S p ec . v o l .  7 ,
p . 101, p i .  U ,  f i g a .  2 -4 .
1961 N a n n o te t r a s te r  co n ca v u s  S t r a d n e r .  i n  S t r a d n e r  e t  P app , G eo l.
B u n d eaa n d t. W ien, J a h r b . , S p ec . v o l .  7 , p .  102 , t e x t - f i g .  19 
( 1 - 4 ) ,  p i .  3 1 , f i g .  l a - d .
1963 M icu la  a ta u ro p h o ra  (G a rd e t)  S t r a d n e r .  6 th  W orld P e t r o l .  C o n g ., 
S e c . 1 , p a p e r  4 , p . 179 , p i .  4 ,  f i g .  12a.
1963 M icu la  d e c u s s a ta  V e k sh in a . M aslo v , _in Osnovy P a l e o n t o l o g l i ,  p . 
157, f i g .  23 .
1963 M icu la  a ta u ro p h o ra  (G a rd e t)  S t r a d n e r .  Bachmann, P ap p , e t
S t r a d n e r ,  M i t t .  G eo l. G es. W ien, v o l .  56 , p . 2 1 0 , p i .  24 , f i g .  1
1964 M icu la  a ta u ro p h o ra  (G a rd e t)  B ra m le t te  e t  M a r t in i .
M ic ro p a le o n to lo g y ,  v o l .  10 , no . 3 ,  p p . 3 1 8 -3 1 9 , p i .  6 , f i g s .  
7 -1 1 .
1965 M icu la  d e c u s s a ta  V e k sh in a . Cohen, L e id s e  G eo l. M ed ed ., v o l .  35 , 
p p . 3 3 -3 4 , p i .  6 , f i g s .  f -m .
1968 M ic u la  d e c u s s a ta  V e k sh in a . G a r tn e r ,  U n iv . K an sas , P a le o n t .
C o n t r . , No. 4 8 , P r o t i s t a  ( A r t .  L ) , p p . 4 7 -4 8 , p i .  2 , f i g s .  5 -8 ,  
p i .  4 , f i g .  18 , p i .  9 ,  f i g s .  1 8 -2 0 , p i .  14 , f i g s .  1 3 -1 4 , p i .  18 , 
f i g .  7 , p i .  2 0 , f i g .  15.
1969 M ic u la  s ta u r o p h o r a  (G a rd e t)  S t r a d n e r .  B i lg u ta y ,  J a j f a r ,  S t r a d n e r
e t  S z o ts ,  P r o c .  1 s t  I n t e r n a t .  P la n k ,  C onf. ,  v o l .  1 , p .  176 , p i .  
1 , f i g s .  9 -1 0 .
1969 M icu la  d e c u s s a ta  V ek sh in a  de c u s s a ta  B ukry. U n iv . K ansas P a le o n t .
C o n t r . ,  A r t .  51 ( P r o t i s t a  2 ) ,  p .  6 7 , p i .  40 , f i g s .  5 -6 .
1969 M icu la  d e c u s s a ta  co n cav a  ( S t r a d n e r )  B ukry . U n iv . K ansas P a le o n t .
C o n t r . ,  A r t .  51 ( P r o t i s t a  2 ) ,  p . 67 , p i .  4 0 , f i g s .  7 -8 .
1972 M icu la  d e c u s s a ta  V e k sh in a . E l l i s ,  Lohman, e t  W ray, Q u a r t .  
C o lo ra d o  S ch . M in es , v o l .  6 7 , n o . 3 , p p . 6 0 -6 1 .
R em arks. G a rd e t (1955) d e s c r ib e d  a  b ro k e n , rew o rk ed  sp ec im en  a s
D is c o a s te r  s t a u r o p h o r u s . V ek sh in a  (1959) d e s c r ib e d  a  co m p le te  specim en  
a s  M icu la  d e c u s s a t a . The p r e s e n t  w r i t e r  c o n s id e r s  th e s e  two s p e c ie s  to  
b e  synonom ous, w i th  M. d e c u s s a ta  V ek sh in a  th e  j u n i o r  synonym . B ecause  
G a r d e t 's  s p e c ie s  i s  n o t  a  d i s c o a s t e r  th e  genus M icu la  V ek sh in a  re m a in s  
v a l i d  w i th  M ic u la  s ta u ro p h o ru s  (G a rd e t)  S tr a d n e r  a s  ty p e  s p e c i e s .  
M a r t in i  and S t r a d n e r  (1961) i n  c r e a t i n g  a  t h i r d  g e n u s , N a n n o te t r a s te r  
w ith  th e  same ty p e  s p e c ie s  o n ly  c o n fu s e d  th e  i s s u e .  T h e ir  genus i s  a 
j u n i o r  synonym o f  M ic u la  V e k sh in a . The ra n g e  o f  M. s ta u ro p h o ru s  
(G a rd e t)  S t r a d n e r  from  S a n to n ia n  to  M a a s t r i c h t i a n  i n d i c a t e s  th e  s p e c ie s  
i s  rew o rk ed  when found  i n  M odern b o tto m  s e d im e n ts .
APPENDIX B
SAMPLE LOCATIONS
T h is  A ppendix  in c lu d e s  th e  l o c a t i o n  o f  a l l  sam p les  u sed  i n  th e  
s tu d y .  The f i r s t  co lum n, h ead ed  A ssem blage, i s  th e  L .S .U . G e o sc ien c e  
Museum sam ple  number a s s ig n e d  eac h  sam ple  f o r  p r o c e s s in g ,  s t o r a g e ,  and 
a r c h iv in g .  The n e x t  colum n la b e le d  C ore  i d e n t i f i e s  th e  ty p e  o f  sam p le , 
i . e .  m ethod o f  sam p le  c o l l e c t i o n  w here TWC = t r i g g e r  w e ig h t c o r e ,  PC = 
p h le a g e r  c o r e ,  and PCT -  p i s t o n  c o re  to p .  The S h ip  and S i t e  colum n 
w hich  fo llo w s  g iv e s  r e f e r e n c e  to  th e  s h ip  nam e, c r u i s e  num ber, and 
s t a t i o n  f o r  each  sam p le  l o c a t i o n  w here th e  s h ip  names a r e ,  A = 
A t l a n t i s ,  K = K ane, RC ** R o b e rt D. C o nrad , and V = Vema. The n e x t 
two colum ns a r e  th e  L a t i t u d e  and L o n g itu d e  l o c a t i o n  o f  eac h  sam ple 
r e s p e c t i v e l y .  The n e x t  colum n l i s t s  th e  D epth  o f  w a te r  i n  m e te rs  o v e r  
each  o f  th e  b o tto m  sam p le  l o c a t i o n s .  The l a s t  colum n i s  a  v e r b a l  
d e s c r i p t i o n  o f  th e  p h y s io g ra p h ic  P ro v in c e  from  w h ich  th e  sam ple  was 






























26°31 .0*  84o 53.0*
2 8 ° 0 8 .2 ' 8 6 ° 2 6 .2 ’
2 8 ° 2 7 .0 ' 8 6 ° 3 3 .0 '
TWC A185-41 2 7 ° 2 2 .5 ' 9 3 ° 2 4 .0 ’
TWC A185-42 2 7 ° 3 4 .0 ' 9 3 ° 3 2 .0 '
2 7 ° 2 5 .0 ' 9 0 ° 2 8 .0 '
2 7 ° 1 4 .5 ' 9 2 ° 0 0 .0 '
2 1 ° 2 3 .7 ' 9 3 °2 7 .9*
2 5 ° 4 2 .5 ’ 9 5 ° 5 6 .0 '
TWC RC9-20 2 5 ° 5 0 .9 ' 9 5 ° 4 7 .6 '






2 5 ° 5 3 .0 ’ 9 2 ° 2 3 .0 ' 2388m
1230m
2 7 ° 1 5 .0 t 9 4 ° 1 0 .2 ' 1591m
1341m
TWC V3-119 2 6 ° 3 4 .4 ' 9 2 ° 0 5 .0 ' 2037m
2 5 ° 2 9 .9 1 9 5 ° 2 3 .5 ' 1626m






















































CORE SHIP-SITE LATITUDE LONGITUDE DEPTH PROVINCE
TWC RC9-27 
PCT RC10-265











21 4 2 .8 ' 9 5 °4 9 . 8 '
PCT RC10-266 22 3 7 .4 ' 9 6 ° 2 0 .4 ’
2 5 ° 3 6 .0 ' 9 4 ° 4 1 .2 '
2 4 ° 5 9 .5 ' 9 5 ° 0 0 .9 '
2 3 ° 1 7 .8 ' 9 5 ° 1 5 .2 '
2521m
2371m
TWC V3-123 25°48 .0*  9 5 ° 2 3 .0 ’ 2505m
TWC A185-26 2 3 ° 1 6 .0 ' 8 6 ° 2 5 .0 ' 1234m
TWC V3-130 2 3 ° 1 1 .8 ' 9 0 ° 1 9 .0 ’ 1803m
24 33 .0*  8 6 °5 1 . 0 '  1966m
2 5 ° 3 7 .0 ' 9 3 ° 1 2 .0 ' 3408m




2 1 ° 1 8 .0 ' 9 4 °2 3 .O ' 3360m
21 44 .4*  9 5 ° 2 1 .6 ' 2926m
2 2 °4 4 .O ' 9 3 ° 0 4 .7 ' 3687m




























































2 4 ° 0 4 .8 ’ 93°12 .0*












2 4 ° 5 0 .0 '
2 3 ° 2 6 .0 '
2 3 ° 4 9 .0 ’
TWC V I7 -2 0  2 4 ° 0 2 .0 1
2 6 ° 3 5 .0 1
25°57 .0*
2 6 ° 5 2 ,2 '
2 8 ° 3 0 .6 1
2 8 ° 1 5 .0 '
2 8 ° 0 0 .0 '
2 4 ° 3 2 .8 1
2 4 ° 3 2 .8 '
2 3 ° 4 0 .0 '
25°29.0'
9 3 ° 1 2 .0 '
9 4 ° 0 3 .0 '
90°44 .0*
9 1 ° 2 5 .0 '
2 6 ° 1 7 .1* 8 7 ° 0 0 .1 '
8 6 ° 2 5 .0 ' 
8 9 ° 0 3 .8 ' 
8 7 ° 2 4 .8 ' 
8 7 ° 3 9 .2 ' 
88° 22 . 0 ' 
8 8 ° 5 9 .4 ' 
8 5 ° 4 0 .6 ' 
8 5 ° 1 6 .1 ' 
8 4 ° 4 0 .0 ' 

























































LATITUDE LONGITUDE DEPTH PROVINCE
2 4 ° 5 0 .5 ' 8 8 ° 3 7 .1 ’ 3505m E. GULF
PLAIN
2 4 ° 2 8 .7 ' 8 9 ° 3 0 .9 ' 3572m E. GULF
PLAIN




An e s t im a te  o f  t h e  r e l a t i v e  ab undance  o f  eac h  ta x o n , o u t  o f  a  
t o t a l  c o u n t o f  300 n a n n o f o s s i l s  p e r  sa m p le , was b a se d  on c o u n ts  o f  150 
n a n n o f o s s l l s  o b ta in e d  from  eac h  o f  two S .E .M . s tu b s  random ly  c h o sen  to  
r e p r e s e n t  th e  sam ple  from  w h ich  th e y  w ere  m ade. T hese  d a t a  a r e  p r e ­
s e n te d  i n  t h i s  A ppend ix .
The f re q u e n c y  c o u n ts  f o r  a  g iv e n  ta x o n  a r e  p r e s e n te d  in  co lum nar 
fo rm , u n d e r  th e  a b b r e v ia te d  h e a d in g  f o r  t h a t  ta x o n .  The f i r s t  t h r e e  
co lum ns o f  e a c h  t a b l e  r e f e r  to  th e  c a rd  num ber, L .S .U . G e o sc ien c e  
Museum a sse m b la g e  num ber (sam p le  n u m b e r) , and  th e  s c a n n in g  e l e c t r o n  
m ic ro sc o p e  s tu b  num ber f o r  eac h  c o re  l o c a t i o n  i n  th e  G u lf o f  M exico.
A l l  colum ns f o l lo w in g  a r e  f re q u e n c y  d a t a .  T h e re  a r e  s i x  c a rd s  f o r  each  
s a m p le / s tu b / ta x o n  c o m b in a tio n . A key  to  th e  a b b r e v ia t i o n s  f o r  each  
ta x o n  l i s t e d  i n  t h i s  A ppendix  f o l lo w s .
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HALOA HALOPAPPUS SPECIES "A"
HALOB HALOPAPPUS SPECIES "B"
HELHY HELICOPONTOSPHAERA HYALINA
HELKA HELICOPONTOSPHAERA KAMPTNERI































SYRSA SYRACOSPHAERA SPECIES "A"
SYRSB SYRACOSPHAERA SPECIES "B"
SYRSC SYRACOSPHAERA SPECIES "C"
SYRSD SYRACOSPHAERA SPECIES "D"
TESDE TESSELLATOLITHUS DENTATUS
THOHE THORACOSPHAERA HEIMI
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An e s t im a te  o f  t h e  mean p r e s e r v a t i o n  v a lu e  f o r  e a c h  ta x o n , o u t  o f  
a  t o t a l  c o u n t o f  300 n a n n o f o s s i l s  p e r  sa m p le , was b a se d  on c o u n ts  o f  
ISO n a n n o f o s s i l s  o b ta in e d  from  e a c h  o f  two S .E .M . s tu b s  random ly  
c h o sen  to  r e p r e s e n t  th e  sam p le  from  w h ich  th e y  w ere  made. F or each  
f re q u e n c y  o b s e r v a t io n  m ade, a  s u b j e c t i v e  s c a l a r  c l a s s i f i c a t i o n  o f  th e  
p r e s e r v a t io n  o f  t h a t  i n d i v i d u a l  sp ec im en  was a l s o  r e c o r d e d .  S c a le  
v a lu e s  ra n g e  from  one t o  f i v e  w h e re :
(1 ) = w e l l  p r e s e r v e d  sp ec im en s  w i th  no a l t e r a t i o n  ( l e s s  th a n  10%
m is s in g  o r  d i s s o lv e d  s t r u c t u r a l  e le m e n ts ) .
(2) = sp ec im en s w i th  s l i g h t  a l t e r a t i o n  (m ore th a n  10% b u t  l e s s
th a n  20% m is s in g  o r  d i s s o lv e d  s t r u c t u r a l  e le m e n ts ) .
(3 ) = sp ec im en s  w i th  m o d e ra te  a l t e r a t i o n s  (m ore th a n  20% b u t  l e s s
th a n  30% m is s in g  o r  d i s s o lv e d  s t r u c t u r a l  e l e m e n t s ) .
(A) = sp ec im en s  w i th  s e v e r e  m o d i f i c a t io n  (m ore th a n  30% b u t  l e s s  
th a n  40% m is s in g  o r  d i s s o lv e d  s t r u c t u r a l  e le m e n ts ) .
(5 ) = sp ec im en s  w i th  e x tre m e  a l t e r a t i o n  (m ore th a n  40% b u t  l e s s  
th a n  50% m is s in g  o r  d i s s o lv e d  s t r u c t u r a l  e le m e n ts ) .
The p r e s e r v a t i o n  s c a l a r  v a lu e s  f o r  eac h  ta x o n  found  on eac h  s t u b /  
sam p le  c o m b in a tio n  w ere  th e n  a v e ra g e d  p ro d u c in g  a  mean p r e s e r v a t io n  
v a lu e  f o r  each  ta x o n  e n c o u n te re d  i n  ea c h  s tu b /s a m p le .  T hese  d a t a  a r e  
p r e s e n te d  in  t h i s  A ppend ix .
The mean p r e s e r v a t i o n  v a lu e s  a r e  p r e s e n te d  i n  co lu m n ar fo rm , u n d e r 
th e  a b b r e v ia te d  h e a d in g  f o r  t h a t  ta x o n .  The f i r s t  t h r e e  co lum ns o f  
e a c h  t a b l e  r e f e r  to  th e  c a rd  num ber, L .S .U . G e o sc ie n c e  Museum a ssem b lag e
366
num ber (sam p le  n u m b er), and th e  s c a n n in g  e l e c t r o n  m ic ro sc o p e  s tu b  
number f o r  ea c h  c o re  l o c a t i o n  i n  th e  G u lf o f  M exico . A l l  colum ns 
fo l lo w in g  a r e  mean p r e s e r v a t io n  v a lu e s .  T h e re  a r e  s i x  c a rd s  f o r  each  
s a m p le /s tu b / ta x o n  c o m b in a tio n . A key  to  th e  a b b r e v ia t i o n s  f o r  ea c h  
ta x o n  l i s t e d  i n  t h i s  A ppendix  f o l lo w s .
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NESTED ANALYSIS OF VARIANCE
The r e l a t i v e  f re q u e n c y  o f  o c c u r re n c e  o f  eac h  ta x o n  and i t s  a v e ra g e  
p r e s e r v a t io n  v a lu e  ( s e e  c h a p te r  3 )  was a n a ly z e d  a c c o rd in g  to  an  
a n a l y s i s  o f  v a r ia n c e  i n  a  c o m p le te ly  ran d o m ized  d e s ig n  u s in g  a  n e s te d  
o r  h i e r a r c h i c a l  a rra n g e m e n t o f  t r e a tm e n ts  (S o k a l and R o h lf  1969, 
S c h i l l i n g  and H a r t ,  1972, 1 9 7 4 ). The S t a t i s t i c a l  A n a ly s is  System  o f  
B a rr  and G o o d n ig h t, 1972, was u sed  i n  th e  com pu ter a n a l y s i s  o f  th e s e  
d a t a .
The l i n e a r  a d d i t i v e  m odel u sed  to  e x p la in  th e  p e rfo rm a n c e  o f  an  
in d i v id u a l  o b s e r v a t io n  i s :
Yi j k l  "  y + Ri  +  Pi j  +  Si j k  + e i j k l
W here:
Y ^ jj^  = th e  f re q u e n c y  o f  o c c u r re n c e  o f  a  g iv e n  ta x o n  o r  i t s
a v e ra g e  p r e s e r v a t io n  v a lu e  from  th e  1 th  s tu b  made from  th e  
k th  sam ple  o f  th e  1th  p r o v in c e  w i th in  th e  i t h  r e g io n ,
y = th e  o v e r a l l  mean.
R^ = th e  e f f e c t  o f  th e  i t h  r e g io n  a s  a  d e v i a t i o n  from  th e  o v e r ­
a l l  mean ( i  = 1 , 2 , 3 , 4 ) .
P y  = th e  e f f e c t  o f  th e  j t h  p ro v in c e  w i th in  th e  1 th  r e g io n  a s  a  
d e v i a t io n  from  th e  mean o f  a l l  p ro v in c e s  w i th in  th e  i t h  
r e g io n  ( j  = 1 , 2 , . . . s ,  w here  s 1b th e  t o t a l  num ber o f  
p ro v in c e s  w i th in  th e  i t h  r e g i o n ) .
S-Ljk = th e  e f f e c t  o f  th e  k th  sam p le  from  th e  j t h  p r o v in c e  w i th in
th e  i t h  r e g io n  a s  a  d e v i a t i o n  from  th e  mean o f  a l l  sam p les
ta k e n  from  th e  j t h  p r o v in c e  w i th in  th e  i t h  r e g io n  (k  ■ i ,  
407
408
2  t ,  w here  t  i s  th e  t o t a l  num ber o f  sam p les  from  th e
,1t h  p ro v in c e  w i th in  th e  i t h  r e g i o n ) .
Ei j k l  = t *ie e f f e c t  o f  th e  1 th  s tu b  made from  th e  k th  sam p le  o f  th e  
j t h  p r o v in c e  w i th in  th e  i t h  r e g io n  a s  a  d e v i a t i o n  from  th e  
mean o f  th e  k th  sam p le  from  th e  j t h  p ro v in c e  w i th in  th e  i t h  
r e g io n  (1 = 1 , 2 ) ,  NID (0 ,
The a n a l y s i s  f o r  e a c h  ta x o n  in c lu d e s  th e  d e g re e s  o f  freed o m , mean 
s q u a r e ,  and  v a r ia n c e  com ponent a s s o c i a t e d  w i th  eac h  s o u rc e  o f  v a r i a t i o n .  
The c a l c u l a t i o n s  in v o lv e d  i n  o b ta in in g  t h e  a p p r o p r i a t e  d e g re e s  o f  f r e e ­
dom and mean s q u a re  can  b e  found  i n  S o k a l and  R o h lf (1 9 6 9 , p p . 256- 
2 6 5 ) .
V a r ia n c e  com ponents w ere  o b ta in e d  by  e q u a t in g  a  g iv e n  mean sq u a re  
w i th  i t s  e x p e c ta t io n  and  s o lv in g  f o r  t h e  a p p r o p r i a t e  v a r ia n c e  com ponent. 
The e x p e c te d  v a lu e s  o f  th e  mean s q u a re s  f o r  th e  s o u rc e s  o f  v a r i a t i o n  
in c lu d e d  i n  th e  n e s t  a n a ly s e s  o f  v a r i a n c e  a r e :
2 2 2 2
R eg io n s CJ + 2 0 + C_cr + C,(J°  e  s  5 p 6 p
2 2 2
P ro v in c e s /R e g io n s  a e  + 20 g +
2 2
S a m p le s /P ro v in c e s /R e g io n s  O + 206 S
2
S tu b s /S a m p le s /P ro v in c e s /R e g io n s  Oe
The c o e f f i c i e n t  f o r  eac h  v a r i a n c e  com ponent r e p r e s e n t s  th e  number 
o f  S.E .M . s tu b s  u sed  to  o b t a in  means a t  e a c h  l e v e l  o f  th e  h ie r a r c h y .  A 
c o n s ta n t  number o f  s tu b s  was exam ined  f o r  e a c h  sam p le  ( tw o ) . B ecause 
th e  num ber o f  sam p le s  w i th in  a  p r o v in c e  v a r i e d  from  r e g io n  to  r e g io n ,  
th e  num ber o f  s tu b s  u se d  a t  th e s e  l e v e l s  o f  t h e  h ie r a r c h y  i s  r e p r e s e n te d  
by  a  c o e f f i c i e n t  (w here  d * 1 , 2 , . . . . 6 )  w h ich  i s  w e ig h te d  a c c o rd in g
409
to  t h e  d i s p r o p o r t i o n a l i t y  i n  t h e  num ber o f  s tu b s  exam ined p e r  p r o v in c e /  
r e g io n  c o m b in a tio n . The c o e f f i c i e n t s  Cj, C j ,  and  w h ich  r e p r e s e n t  
th e  number o f  s tu b s  exam ined p e r  sam ple  re m a in s  c o n s ta n t  a t  tw o . The 
re m a in in g  c o e f f i c i e n t s  a r e  o b ta in e d  from  th e  f o l lo w in g  s e t  o f  
e q u a t io n s :
p i j
r i  p u  r i  En« k
I In -  E ---------- -
l j k  p I3  
_____________________ Enl j k
d f  f o r  p ro v in c e s
( i )  c3
W here:
= r e g io n s
P ^j = p r o v in c e s / r e g io n s
n ^ ^  = number o f  s tu b s /s a m p le /p r o v in c e
d f = d e g re e s  o f  freed o m
(2) C
p i j  r i  Pi j
Zni 3k  E En« k
p «  r i  p «
SnI j k  Z Sni j kS8 1 1 ■ !■—
5 d f  f o r  r e g io n s
W here:
A l l  a b b r e v i a t i o n s  a r e  a s  i n  e q u a t io n  ( 1 ) .
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(3 ) C6
r i  Zni j
Enu  -  —
___________
d f  f o r  r e g io n s
W here:
A l l  a b b r e v ia t i o n s  a r e  a s  i n  e q u a t io n  (1 ) a n d , 
n ^  = num ber o f  s tu b s /s a m p le .
E s t im a te s  o f  t h e  v a r i a n c e  com ponents w h ich  a r e  n e g a t iv e  r e t a i n e d  t h e i r  
n e g a t iv e  v a lu e s  when u sed  to  s o lv e  f o r  e s t im a te s  o f  o th e r  v a r i a n c e  com­
p o n e n ts ,  b u t  a s  a n e g a t iv e  v a lu e  i s  assum ed to  e s t im a te  a z e ro  v a r ia n c e  
com ponent, th e y  a r e  r e p r e s e n te d  a s  0 .0 0 0 0  i n  t h i s  A ppend ix .
In  o r d e r  to  i n s u r e  g e o g ra p h ic  r e p r e s e n t a t i o n ,  and enough d e g re e s  
o f  freedom  f o r  a  co m p le te  a n a l y s i s ,  r e l a t i v e  f re q u e n c y  a n a ly s e s  o f  
v a r i a n c e  w ere  p e rfo rm e d  o n ly  on th o s e  ta x a  w hose t o t a l  c o u n t was te n  
o r  g r e a t e r  and w ere  p r e s e n t  i n  a t  l e a s t  f i v e  sam p les  r e p r e s e n t a t i v e  o f  
a t  l e a s t  two r e g io n s  o f  th e  G u lf o f  M exico . I n  a d d i t i o n  to  th e  c r i t e r i a  
a p p l ie d  to  th e  s e l e c t i o n  o f  f re q u e n c y  a n a ly s e s  o f  v a r i a n c e ,  p r e s e r v a t io n  
a n a ly s e s  o f  v a r i a t i o n  w ere  e x c lu d e d  f o r  th o s e  ta x a  w h ich  d id  n o t  d i s ­
p la y  any  v a r i a b i l i t y ,  b u t  w ere  a lw ays p r e s e rv e d  i n  th e  same m anner 
r e g a r d l e s s  o f  th e  s a m p le 's  g e o g ra p h ic  l o c a t i o n .
S ig n i f i c a n c e  a t  th e  .0 5  p r o b a b i l i t y  l e v e l  i s  in d i c a t e d  by ( * ) ,  
and s i g n i f i c a n c e  a t  th e  .01  p r o b a b i l i t y  l e v e l  i s  i n d i c a t e d  by (* * ) .
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Ordo COCCOLITHALES Rood, H ay, e t  B a rn a rd  1971
Subordo COCCOLITHINEAE K am ptner 1928 em end. 




T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg io n s
S tu b s /S a m p le s /

















T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S amp l e s  /  P ro v  in c  e s  /  
R eg io n s
S tu b s /S a m p le s /  










1 .3 2 2 3
1 .1214**











0 .0 0 4 4
0 .0 9 6 9
0 .1 0 4 4
0.0372
Familia COCCOLITHACEAE Kamptner 1928




T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg io n s
S tu b s /S a m p le s / 

















T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s / 

















0 .0 0 0 0
127 .2015
9 9 .5 4 5 8
30 .7 7 3 6
VARIANCE
COMPONENT
0 .0 0 0 5




Subfamilia COCCOLITHOIDEAE Kamptner 1928
emend. Hay et Mohler 1967
T r ib u s  COCCOLITHEAE K am ptner 1928 




T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg io n s
S tu b s /S a m p le s / 

















T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg io n s
S tu b s /S a m p le s /










2 .5 6 9 9
1 .2251**





0 .0 0 0 0
7 2 .6134




0 .0 5 1 5
0 .0 9 9 9
0 .1 4 5 3
0.0321
414
Genus Cyclollthella Loebllch et Tappan 1963




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg io n s
S tu b s /S a m p le s /










5 .5 7 1 1
1.5611
4 .5184**




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /















0 .1 7 8 5
0.0000 
1.8866
0 .7 4 5 3
VARIANCE
COMPONENT
0 .0 0 4 8
0.0000
0 .6447
S tu b s /S a m p le s /
P r  o v in e  e s /R e g  io n s
41 0.3434 0.3434
415
Genus Cricolithus Kamptner 1928




T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s /











0 .2 6 6 3





T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg io n s
S tu b s /S a m p le s / 

















0 .0 0 0 0








T r ib u s  GEPHYROCAPSEAE B oudreaux  e t  Hay 1969 
G enus G eph y ro cap sa  K am ptner 1943
FREQUENCY: TOTAL COUNT: 4188
SOURCE OF 
VARIATION
T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s /










356 .3 3 9 8
292 .4061
167 .7293**










T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s /
















0 .0 4 0 2
0 .0 5 8 2
0 .1 5 2 8
0.0735




T o ta l
R eg ions
P ro v ln c  e s /R e g  io n s
S a m p le s /P ro v in c e s /
R eg ions
S tu b s /S a m p le s / 

















T o ta l
R eg io n s
P ro v in e  e s / Reg io n s




















6 .6 3 5 5
1 4 .3 6 7 0
7 6 .8653
7 .4 6 2 3
VARIANCE
COMPONENT
0 .0 2 1 5
0 .0 8 3 5
0 .1 2 0 6
0.0413




T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s /











0 .3 6 3 9
0 .4 1 7 8
0 .3 6 7 9
PRESERVATION:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
T o ta l  29
R eg io n s 3 0 .2 0 3 6
P ro v in c e s /R e g io n s  7 0 .7 9 4 9







0 .0 8 2 3
0 .0 0 0 0
0 .0 2 5 0
0 .3 6 7 9
VARIANCE
COMPONENT
0 .0 0 0 0
0 .0 0 0 0
0 .8 8 9 8
0.6458





T o ta l
R eg io n s
P r o v in c e s / R eg io n s
S a m p le s /P ro v in c e s /  
R eg io n s
S tu b s /S a m p le s /










0 .1 3 1 6
0 .1 8 7 0
0 .2 2 4 9




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /











1 .2 0 4 2
0 .2 9 7 9





0 .0 0 0 0  
0 .0 0 0 0




0 .2 2 6 0
0 .0 0 0 0
0 .0 9 2 4
0.5000




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg io n s
S tu b s /S a m p le s /  










7 .0 2 4 8
4 .6 7 2 9
4 .2 5 7 6 * *




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /









0 .7 0 5 3





0 .0 9 5 3





0 .0 0 0 0
0 .0 6 3 3








T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg io n s
S tu b s /S a m p le s / 










8 .3 7 0 3
2 .7378**
0 .8 9 0 1 *




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  












0 .3 8 4 3
0 .6 2 3 0





0 .2 2 4 4
0 .2 0 4 6
0 .1 9 9 8








Genus Emlliania Hay et Mohler 1967




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg ions
S tu b s /S a m p le s /  

















T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /









7 .3 3 0 9








8 .9 7 1 7
VARIANCE
COMPONENT
0 .1 6 1 7






Subfamilia CYCLOCOCCOLITHOIDEAE Hay et Mohler 1967
ex Boudreaux et Hay 1969
FREQUENCY: TOTAL COUNT: 4440
SOURCE OF 
VARIATION
T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s
R eg io n s
S tu b s /S a m p le s /  

















6 .7 9 4 8





T o ta l
R eg io n s
P ro v in c e s /R e g io n s




















0 .1 3 3 4
0 .1 2 9 2
0.0458
424
Tribus CYCLOCOCCOLITHEAE Boudreaux et Hay 1969




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg ions
S tu b s /S a m p le s / 











3 5 .3 3 8 5
20 .0645**




T o ta l
R eg ions
P ro v in c e s /R e g io n s













1 .4 8 8 4
1 .5154**





2 .7 3 3 0
1 .6 9 1 0
6 .7 5 8 7




0 .1 1 8 2
0 .1 7 4 5
0.0991
425
Cyclococcollthina leptopora (Murray et Blackman)




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg io n s
S tu b s /S a m p le s /











3 1 .5 0 7 5
19.6729**




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /


























0 .1 2 6 5
0 .2 0 2 6
0.0709
Cyclococcollthlna fragilis (Lohmann) Wilcoxon 1970
FREQUENCY: TOTAL COUNT: 23
SOURCE OF 
VARIATION
T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg io n s
S tu b s /S a m p le s / 










0 .8 3 3 4
0 .5314*
0 .2 9 2 6




0 .0 2 6 4
0 .0 3 7 8




T o ta l
R eg ions
P ro v in c e s /R e g io n s












0 .4 3 3 6
1 .3 7 5 4





0 .2 5 8 5
0 .3 0 1 6
0.5250
Tribua UMBILICOSPHAERAE Boudreaux at Bay 1969 
Genus Uabillcoenbaera Lobaann 1902 














































































































0 .0 0 0 0  









Genua Thoracoaphaera Kamptner 1927


























































Thoracosphaara halml (Lohaann) Kamptner 1941





























































Genua Teaaallatollthua Baq 1968
Tessellatolithua dantatua Haq 1968
NO ANALYSES TOTAL

























































Subfamllla RHABDOSPHAER0IDEAE Kamptner 1928 
emend. Boudreaux et Hay 1969














































































































































































Subfamilla DISCOSPHAEROIDEAE Boudreaux et Hay 1969
Genus Diacoaphaera Haeckel 1894
Discosphaera tubifera (Murray et Blackman) 
Ostenfeld 1900


























































Famllia WATZNAURIACEAE Rood, Hay, et Barnard 1971
Genus Watxnaurla Reinhardt 1964
Watrnaurla sp.



































































































Familla AHMUELLERELLACEAE Reinhardt 1965







































































































0 .0 0 0 0
0 .0 0 0 0
0.4000
NO ANALYSES TOTAL COUNT: 2
441





























































Genus Parhabdolithus Deflandre 1952 
emend. Black 1972
Parhabdolithus sp.
NO ANALYSES TOTAL COUNT: 4
Familia SYRACOSPHAERACEAE Lemmermann 1908



















































































































































































































SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
T o ta l  14
R eg ions 1 0 .0 0 8 3
P ro v in c e s /R e g io n s  4 0 .4 7 2 9
S a m p le s /P ro v in c e s /  6 0 .4 3 0 6
R eg ions
S tu b s /S a m p le s / 3 0 .2 5 0 0
P ro v in c  e s / R eg ions




T o ta l
R eg ions
P ro v in c e s /R e g io n s










0 .3 4 0 5
2 .3259**
0 .7 2 2 8 * *
VARIANCE
COMPONENT
0 .0 0 0 0
0 .0 0 8 9
0 .1 5 4 8




0 .0 0 0 0
0 .1 7 7 5







T o ta l
R eg io n s
P ro v In c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s / 










0 .7 6 1 1
1 .0 3 4 5
0 .6 1 9 6
0 .6 4 2 0
VARIANCE
COMPONENT
0 .0 0 0 0
0 .1 3 3 5
0 .0 0 0 0
0 .6 4 2 0
S y ra c o s p h a e ra  n an n a  (K am ptner) n o v . comb.
NO ANALYSES TOTAL COUNT: 17
S y ra c o s p h a e ra  o s s a  (L e c a l)  L o e b l ic h  
e t  Tappan 1968
NO ANALYSES TOTAL COUNT: 5
Syracosphaera rlbosa (Kamptner) Borsetti
et Cati 1972
FREQUENCY: TOTAL COUNT: 25
SOURCE OF 
VARIATION
T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg ions
S tu b s /S a m p le s /










0 .3 7 7 8
0 .6723**
0 .2563**
0 .1 2 2 6
VARIANCE
COMPONENT
0 .0 0 0 0
0 .0461
0 .0 6 6 8




T o ta l
R eg ions
P ro v in c e s /R e g io n s












0 .0 2 4 6





0 .0 0 0 0  
0 .0 0 0 0
0 .7 1 2 3
0.1429
449




T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg ions
S tu b s /S a m p le s /  










0 .0 8 4 9
0 .1 2 7 9
0.1002
0 .0 8 4 9
PRESERVATION: NO ANALYSIS
S y ra c o s p h a e ra  v a r l a b l l i s  ( H a l ld a l  e t  M a rk a li)  







0 .0 8 4 9
NO ANALYSES TOTAL COUNT: 5
S y ra c o sp h a e ra  s p p . U n id e n t i f i e d  
S y ra c o s p h a e ra  s p .  "A"
FREQUENCY: TOTAL COUNT: 8
SOURCE OF 
VARIATION
T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg ions
S tu b s /S a m p le s / 










0 .0 8 1 4
0 .3324**
0 .0 9 1 1 *
0 .0 5 6 6
VARIANCE
COMPONENT
0 .0 0 0 0
0 .0 2 6 7
0 .0 1 7 2
0 .0 5 6 6
PRESERVATION: NO ANALYSIS
S y ra c o s p h a e ra  s p .  "B*
NO ANALYSES TOTAL COUNT:
Syracosphaera sp. "C"
NO ANALYSES TOTAL COUNT: 2
Syracosphaera ap. "D"
NO ANALYSES TOTAL COUNT: 1
Genus A c a n th o ic a  Lohmann 1903 
A c a n th o lc a  q u a t t r o s p in a  Lohmann 1903
NO ANALYSES TOTAL COUNT: 2
Genus C r e ta d ls c u s  G a r tn e r  1968
C r e ta d ls c u s  s p .
FREQUENCY: TOTAL COUNT: 8
SOURCE OF 
VARIATION
T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg io n s
S tu b s /S a m p le s /  










0 .1 5 2 8
0 .1 1 9 2














T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg io n s
S tu b s /S a m p le s / 

















T o ta l
R eg ions
P ro v in c e s /R e g io n s























0 .1 8 6 0









T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s / 










4 9 .7 4 8 6
75 .8925**
16 .9146**




T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg ions
Stubs/Samples/


















6 .5 2 9 4
5 .9 6 2 0
4 .9 9 0 6
VARIANCE
COMPONENT
0 .0 0 3 4
0 .0 8 0 1
0 .2 5 4 1
0.1459




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s / 










7.4 7 0 7
4 5 .9 5 0 5
21 .8704**




T o ta l
R eg ions
P ro v in c e s /R e g io n s




















0 .0 0 0 0
2 .6 6 5 9
8 .9 6 3 5
3 .9 4 3 4
VARIANCE
COMPONENT
0.0 2 5 7
0 .3 0 7 3
0 .2 8 4 3
0.1397
F a m ilia  HELICOPONTOSPHAERACEAE Haq 1973 




T o ta l
R eg ions
P ro v in e  e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg ions
S tu b s /S a m p le s / 

















T o ta l
R eg io n s
P ro v in c e s /R e g io n s




















0 .0 0 0 0
1.0081




0 .0 0 0 0
0 .0 8 5 7
0 .1 3 8 0
0.4172
456




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg io n s
S tu b s / S am ples/  










6 .5 5 4 6
3 .0 6 1 3
2 .6326**




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /




















0 .0 4 7 5




0 .0 0 0 0








T o ta l
R eg io n s
P ro v in e  e s / R eg ions
S a m p le s /P ro v in c e s /  
R eg io n s
S tu b s /S a m p le s /  










0 .2 0 6 4
0.479*>
0 .3181**




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /











0.0 6 5 1






0 .0 0 0 0
0 .0 1 7 9
0 .0 8 8 3
0 .1 4 1 5
VARIANCE
COMPONENT
0 .0 0 0 0  
0 .0 0 0 0
1 .6288
0.2083
Hellcopontosphaera sellii Bukry et Bramlette 1969
NO ANALYSES TOTAL
H e llc o p o n to s p h a e ra  w a l l i c h l  (Lohmann) B oudreaux




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg io n s
S tu b s /S a m p le s /  










3 .0 2 4 0
4 .0 2 4 0 * *
0 .9 9 7 9





0 .0 0 0 0
0 .3 3 5 0
0 .1 6 8 8
0 .6 6 0 4
459
PRESERVATION:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
T o ta l  57
R eg io n s 3 2 .5 9 7 5 *
P ro v in c e s /R e g io n s  7 1 .1755
S a m p le s /P ro v in c e s /  29 0 .5 6 5 5
R eg ions
S tu b s /S a m p le s /  18 0 .8 7 4 2
P ro v in c e s /R e g io n s




T o ta l
R eg io n s
P ro v in c e s /R e g io n s




















0 .1 2 6 0
0 .0 0 0 0




0 .0 0 0 0
0 .3 2 8 9






T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s /  










4 .8 8 7 3  
3 .2114*  
1 .0 0 8 8
1 .2324
S u b fa m il ia  PONTOSPHAEROIDEAE K am ptner 1937
T r ib u s  PONTOSPHAEREAE Hay 1966




T o ta l
R eg io n s
P ro v in c e s /R e g io n s



















0 .0 8 4 3
0 .3177





0 .0 0 0 0
0 .1 5 1 1






T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg ions
S tu b s /S a m p le s /  










2 .3 0 9 4
2 .7530*
1 .1 7 7 9
0 .8 7 8 3




T o ta l
R eg io n s
P ro v in c e s /R e g io n s













0 .3 0 7 2
0 .2 6 9 3




0 .0 0 0 0
0 .2 2 8 7













T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg io n s
S tu b s /S a m p le s /  









2 .8 4 6 4
0 .6 4 8 2
2 .0524
2 .2 5 0 0
P o n to s p h a e ra  d is c o p o r a  S c h i l l e r  1925 




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /


















0 .3 9 9 6
0 .0 0 0 0
0 .0 0 0 0




0 .0 0 0 0
0 .0 1 3 8
0 .4 1 9 6
0.2830
PRESERVATION:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
T o ta l  24
R eg io n s 3 1 .2 1 3 9
P ro v in c e s /R e g io n s  5 1 .0 1 7 5
S a m p le s /P ro v in c e s /  10 1 .4861
R eg io n s
S tu b s /S a m p le s /  6 1 .0817
P ro v in c e s /R e g io n s




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /













0 .3 3 9 5




0 .0 3 7 4
0 .0 0 0 0





0 .0 2 1 3
0 .0 1 7 6
0 .0 0 0 0
0.1887
PRESERVATION:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
T o ta l  21
R eg io n s  2 0 .4 0 1 7
P ro v in c e s /R e g io n s  5 1 .7843
S a m p le s /P ro v in c e s /  11 0 .9 5 8 9
R eg io n s
S tu b s /S a m p le s /  3 0 .1 6 6 7
P ro v in c e s /R e g io n s




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /


















0 .0 0 0 0
0 .3 7 5 9





0 .0 0 0 0  
0 .0 0 0 0




SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
T o ta l  35
R eg io n s  3 0 .7 2 7 5
P ro v in c e s /R e g io n s  6 0 .8 1 3 5
S a m p le s /P ro v in c e s /  18 0 .8 3 3 7
R eg io n s
S tu b s /S a m p le B / 8 0 .9 4 7 5
P ro v in c  e s /R e g io n s
P o n to s p h a e ra  p a c i f i c a  B urns 1973
VARIANCE
COMPONENT
0 .0 0 0 0
0 .0 0 0 0
0 .0 0 0 0
0 .9475
NO ANALYSES TOTAL COUNT: 5
Subfamilia SCYPHOSPHAEROIDEAE Boudreaux
et Hay 1969












































0 .0 0 0 0
0.4967
0.9483




T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg io n s
S tu b s /S a m p le s /  










0 .3 8 7 6
0 .4 4 1 7 *
0 .2 3 4 3
0 .1 7 9 2
PRESERVATION:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
T o ta l  15
R eg io n s 2 1 .5 9 2 2
P ro v in c e s /R e g io n s  3 1 .0721







0 .0 0 0 0
0 .0 2 3 0
0 .0 2 7 5
0 .1 7 9 2
VARIANCE
COMPONENT
0 .1 1 7 0
0 .0 0 0 0
1 .0 5 6 0
0.4225
Scyphosphaera pulcherrima Deflandre 1942
468
NO ANALYSES TOTAL COUNT: 2
F a m il la  CALCIOSOLENXACEAE K am ptner 1937
FREQUENCY: TOTAL COUNT: 901
SOURCE OF 
VARIATION
T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s / 
















0 .0 0 0 0






T o ta l
R eg ions
P ro v in c e s /R e g io n s













1 .0 7 1 3
1 .1705*




0 .0 0 0 0
0 .0 7 2 0
0 .0521
0.4360
Genus A n o p lo s o le n ia  D e f la n d re  1952 




T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v ln c  e s /  
R eg ions
S tu b s /S a m p le s /

















T o ta l
R eg io n s
P ro v in c e s /R e g io n s














0 .7 3 9 4





0 .0 0 0 0
2 .1 0 3 6
1 .2457
1 .0 7 5 5
VARIANCE
COMPONENT
0 .5 3 3 2
0 .0 0 0 0
0 .0 0 0 0
1.4756
Genus Scaphollthus Deflandre 1954
Scaphollthus fossilIs Deflandre 1954
FREQUENCY: TOTAL COUNT: 709
SOURCE OF 
VARIATION
T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s /
















0 .0 0 0 0
5 .1 0 9 5
14 .4166




T o ta l
R eg io n s
P ro v in c e s /R e g io n s



















0 .0 0 5 8
0 .0 8 3 4
0 .1 9 9 3
0.2158
471
Ordo PODORHABDINALES Rood, Hay, 




T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg io n s
S tu b s /S a m p le s /  










0 .3 2 1 6
0 .2 2 6 3
0 .1 7 9 7
0 .1 4 1 5
PRESERVATION:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
T o ta l  17
R eg io n s  3 0 .7 4 5 4
P ro v in c e s /R e g io n s  3 0 .8 3 3 8
S a m p le s /P ro v in c e s /  8 0 .6 1 0 9






0 .0 0 3 7
0 .0 0 5 2
0 .1907




0 .1 0 9 0
0 .0 0 0 0
1.5000
472
Familla PODORHABDACEAE Noel 1965
S u b fa m llla  ETHMORHABDOIDEAE Rood, Hay, 




T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s / 










0 .3 3 4 8
0 .1 5 7 8
0 .1 5 4 2
0 .1 3 2 1
PRESERVATION:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
T o ta l  14
R eg io n s  3 0 .9 3 1 5
P ro v in c e s /R e g io n s  2 0 .3 7 5 7
S a m p le s /P ro v in c e s /  7 0 .4 8 3 9




0 .0 0 7 3





0 .1 2 8 1
0.1288




Genus C re ta rh a b d u s  B ra m le tte  e t  M a r t in i  1964 
em end. Bukry 1969
C re ta rh ab d u B  s p .
NO ANALYSES TOTAL COUNT: 4
Genus C r ib r o s p h a e r e l l a  D e f la n d re  1952 
em end. R e in h a rd t  1964
C r ib r o s p h a e r e l l a  s p .
FREQUENCY: TOTAL COUNT: 12
SOURCE OF 
VARIATION
T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg ions
S tu b s /S a m p le s /










0 .2 3 5 6
0 .1 0 5 8




0.0 0 5 3
0 .0007




F a m ll ia  PREDISCOSPHAERACEAE R ood, Hay, 
e t  B a rn a rd  1971
S u b fa m llla  PREDISCOSPHAEROIDEAE G a r tn e r  1968 
emend. R ood, H ay, e t  B arn a rd  1971
Genus P re d is c o a p h a e ra  V ek sh in a  1959
P r e d is c o s p h a e r a  c r e t a c e a  (A rk h an g e lsk y ) G a r tn e r  1969
P re d is c o a p h a e ra  s p in o a a  (B ra m le tte  e t  M a r t in i )  
G a r tn e r  1969
NO ANALYSES TOTAL COUNT: 3
NO ANALYSES TOTAL COUNT: 2
NO ANALYSES TOTAL COUNT: 1
475
FORMAE INCERTAE SEDIS
F a m l l ia  CALYPTROSPHAERACEAE B o u d re a u x  e t  Hay 1969
FREQUENCY: TOTAL COUNT: 67
SOURCE OF 
VARIATION
T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg io n s
S tu b s /S a m p le s /  
















0 .0 1 9 2
0 .0 0 0 0
0 .3 7 7 4




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg ions
S tu b s / S a m p le s /










0 .0 4 9 3
1 .0 7 9 0
0 .8 3 0 0
1 .4 3 5 4
VARIANCE
COMPONENT
0 .0 0 0 0
0 .0 6 3 6
0 .0 0 0 0
1 .4 3 5 4
476
G enus C a l y p t r o s p h a e r a  Lohmann 1902
NO ANALYSES TOTAL COUNT: 3
C a ly p tro s p h a e ra  c a t l l l l f e r a  (K am ptner) G aa rd e r 1962
NO ANALYSES TOTAL COUNT: 2
C a ly p tro s p h a e ra  o b lo n g a  Lohmann 1902
NO ANALYSES TOTAL COUNT: 1
Genus A n th o sp h a e ra  K am ptner 1936
A n th o sp h a e ra  q u a t r l c o r n u  ( S c h i l l e r )  H a l ld a l  
e t  M a rk a li  1955
NO ANALYSES TOTAL COUNT: 2
Genus C o r is p h a e ra  K am ptner 1936 
C o r is p h a e ra  g r a c i l i s  K am ptner 1937
NO ANALYSES TOTAL COUNT: 3
477
G enus H o l o d l s c o l l t h u s  R o th  1970




T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg io n s
S tu b s /S a m p le s /











0 .7 1 6 8
0 .7225**




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s /










0 .0 6 5 3
0 .5 7 6 1
0 .9 3 2 0




0 .0 1 8 4
0 .0 0 0 0




0 .0 0 0 0  
0 .0 0 0 0  
0 .0000
1 .1 9 7 5
Genus H om ozygosphaera D e f la n d re  1952 
H om ozyRoaphaera d a lm a t ic a  (K am ptner) n o v . comb.
FREQUENCY: TOTAL COUNT: 10
SOURCE OF 
VARIATION
T o ta l
R eg ions
P ro v In c  e s /R e g Io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s / 










0 .0 8 5 7
0 .0 9 9 2
0 .1 9 3 0 * *





0 .0 5 8 8




T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg ions
S tu b s /S a m p le s /









0 .6 5 1 0
0 .8 9 5 8
1 .5 0 0 0




0 .0 0 0 0  
0 .0 0 0 0
2 .8 1 2 5
F a m i l ia  CERATOLITHACEAE N o r r i s  1965
Genus C e r a t o l l t h u s  K am ptner 1950




T o ta l
R egions
P r o v in e e s / R egIons
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s /












0 .8 9 5 2 *
0 .5 1 8 9
PRESERVATION:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
T o ta l  65
R eg io n s 3 1 .3 0 5 0
P ro v in c e s /R e g io n s  6 0 .6 6 2 4
S a m p le s /P ro v in c e s /  30 1 .2 7 2 0
R eg ions
S tu b s /S a m p le s /  26 1 .1 7 8 1




0 .0 0 0 0
0 .2 2 8 2
0 .1 8 8 2
0 .5 1 8 9
VARIANCE
COMPONENT
0 .0 5 0 0
0 .0 0 0 0
0 .0 5 7 8
1 .1 7 8 1
480
F a m l l ia  DISCOASTERACEAE V e k s h in a  1959
Genus D ls c o a s te r  Tan S in  Hok 1927 
e x . B ra m le tte  e t  R ie d e l  1954
NO ANALYSES TOTAL COUNT: 7
D ls c o a s te r  p e n t a r a d i a t u s  Tan S in  Hok 1927 
e x . B ra m le t te  e t  R ie d e l  1954
NO ANALYSES TOTAL COUNT: 2
D ls c o a s te r  c a l c a r i s  G a r tn e r  1967 
NO ANALYSES TOTAL COUNT: 4
D ls c o a s te r  c h a l l e n g e r !  B ra m le t te  e t  R ie d e l  1954
NO ANALYSES TOTAL COUNT: 1
F a m i l l a  HALOPAPPACEAE K am ptner 1928




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s /










0 .4 9 0 7
3 .0588*
1 .2795**




0 .0 0 0 0
0 .1 9 7 0
0 .3 8 5 0




FREQUENCY: TOTAL COUNT: 10
SOURCE OF 
VARIATION
T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg io n s
S tu b s /S a m p le s /  
























SOURCE OF DEGREES OF
VARIATION FREEDOM
T o ta l  105
R eg ions 3
P ro v in c e s /R e g io n s  7
S a m p le s /P ro v in c e s /  42
R eg io n s
S tu b s /S a m p le s / 53




2 .0 3 6 6
3 .1680**
1 .0116**




0 .0 0 0 0
0 .2 3 8 7
0 .2 8 8 8
0 .4 3 4 0
PRESERVATION: NO ANALYSIS




T o ta l
R eg io n s
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s /  













0 .4 4 3 4
PRESERVATION:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
T o ta l  44
R eg io n s 3 3 .6536*
P ro v in c e s /R e g io n s  6 0 .7 8 2 5
S a m p le s /P ro v in c e s /  21 0 .9 1 8 2
R eg io n s
S tu b s /S a m p le s /  14 0 .8 0 8 8




0 .0 0 0 0
0 .3 5 2 9
0 .2 6 0 0
0 .4 4 3 4
VARIANCE
COMPONENT
0 .3 2 6 8
0 .0 0 0 0
0 .0 7 4 5
0 .8 0 8 8
485
T r ib u s  OOLITHOTEAE new t r i b e
Genus O o l i th o tu s  R e in h a rd t  1968




T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s /  










0 .9 4 2 0
1 .0644**
0 .2 1 8 0




T o ta l
R eg ions
P ro v in c e s /R e g io n s
S am p les/P  r o v in c e s /  
R eg io n s
S tu b s /S a m p le s /









1 .7 0 7 0
1 .6490*
0 .6 2 5 8




0 .0 0 0 0
0 .0 9 3 7
0 .0 0 0 0
0 .2 3 5 8
VARIANCE
COMPONENT
0 .0 0 0 0
0 .2 8 3 7
0 .3 3 2 8
0 .1 8 7 5
486
T r ib u s  ORTHAMBODISCAE new t r i b e
Genus O rth am b o d lscu s  G a r tn e r ,  i n  p r e s s
O rth am b o d lscu s  p e rp le x u s  (B ra m le t te  e t  R ie d e l)  




T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg io n s
S tu b s /S a m p le s /










0 .6 4 3 6
1 .1 9 3 0
0 .5737**
0 .2 2 6 4
PRESERVATION:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
T o ta l  28
R eg io n s 3 2 .9 9 3 3
P ro v in c e s /R e g io n s  5 0 .5 0 2 7
S a m p le s /P ro v in c e s /  12 1 .4339
R eg io n s
S tu b s /S a m p le s /  8 0 .9 4 3 1




0 .0 0 0 0
0 .0 6 8 6
0 .1 7 3 6
0 .2 2 6 4
VARIANCE
COMPONENT
0 .4 1 2 1
0 .0 0 0 0
0 .3 6 4 3
0 .9 4 3 1
F a m l l i a  SPHENOLITHACEAE D e f la n d r e  1952
e x . V e k s h in a  1959
FREQUENCY: TOTAL COUNT: 176
SOURCE OF 
VARIATION
T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg io n s
S tu b s /S a m p le s /
















0 .0 0 0 0






T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg io n s
S tu b s /S a m p le s /










0 .1 0 3 0
0 .3 3 7 3
0 .6 1 1 4 * *
0 .1 1 1 6
VARIANCE
COMPONENT
0 .0 0 0 0  
0.0000
0 .2 7 9 6
0 .1 1 1 6
G enus S p h e n o id .th u s  D e f la n d r e  1952





T o ta l
R eg ions
P ro v in c e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s / 




DEGREES OF MEAN VARIANCE
FREEDOM SQUARE COMPONENT
105
3 6 .1 0 0 0  0 .0 0 0 0
7 10 .4771*  0 .7197
42 3 .9762**  1 .5494
53 0 .8 7 7 4  0 .8 7 7 4
PRESERVATION: NO ANALYSIS
489
" F a m ll ia "  INCERTAE SEDIS
Genus M ic u la  V ek sh in a  1959






T o ta l
R eg ions
P ro v in c  e s /R e g io n s
S a m p le s /P ro v in c e s /
R eg ions
S tu b s /S a m p le s /


















0 .7 6 6 4
1 .1809
2 .3275




T o ta l
R eg ions
P ro v in c  e s /R e g io n s
S a m p le s /P ro v in c e s /  
R eg ions
S tu b s /S a m p le s /  
P ro v in c e s /R e g io n s
DEGREES OF MEAN VARIANCE
FREEDOM SQUARE COMPONENT
89
3 0 .5 3 3 5  0 .0 0 0 0
7 0 .6 8 7 2  0 .0 0 0 0
38 0 .9 1 8 4  0 .1 4 6 8
41 0 .6 4 9 4  0 .6 4 9 4
APPENDIX F
PREDICTION EQUATIONS
The r e l a t i v e  f re q u e n c y  o f  o c c u r re n c e  o f  ea c h  ta x o n  and i t s  a v e ra g e  
p r e s e r v a t io n  v a lu e  ( s e e  c h a p te r  3) w ere  a n a ly z e d  a c c o rd in g  to  a  maximum 
r e g r e s s io n  te c h n iq u e  a s  o u t l i n e d  in  th e  S t a t i s t i c a l  A n a ly s is  System  
M anual o f  B a r r  and  G o o d n ig h t, 1972 (p . 1 2 8 ) . The p r e d i c t i o n  e q u a t io n s  
w hich  r e s u l t e d  from  th e s e  a n a ly s e s  a r e  p r e s e n te d  i n  t h i s  a p p e n d ix .
The r e g r e s s io n  m odel a p p l ie d  to  t h e s e  d a t a  a c c o u n ts  f o r  e f f e c t s  o f  
ch an g e s  i n  w a te r  d e p th  ( r e p r e s e n te d  by th e  l i n e a r ,  q u a d r a t i c ,  c u b ic ,  
and q u a r t i c  p o ly n o m ia ls )  on th e  r e l a t i v e  f re q u e n c y  and p r e s e r v a t io n  o f  
th e  v a r io u s  ta x a  and i s  e x p re s s e d  a s :
Yi j  "  *  +  6 l d l  +  e 2d i  +  63d i  +  64d i  +  e l j
W here:
Yi j  * r e ^a t i v e  f re q u e n c y  ° f  o c c u r re n c e  o f  a  g iv e n  ta x o n  o r
i t s  a v e ra g e  p r e s e r v a t i o n  v a lu e  from  t h e  j t h  s tu b  made from  
th e  1 th  sa m p le .
*  = th e  Y - in t e r c e p t  ( t h e  v a lu e  o f  t h e  d e p e n d e n t v a r i a b l e s  when 
w a te r  d e p th  i s  z e r o ) .
8^ = th e  p a r t i a l  r e g r e s s io n  c o e f f i c i e n t  o f  f re q u e n c y  o f  o c c u r­
r e n c e  o r  mean p r e s e r v a t io n  v a lu e  on th e  l i n e a r  r e s p o n s e  o f  
w a te r  d e p th  ( d ) .
@2  *  p a r t i a l  r e g r e s s io n  c o e f f i c i e n t  o f  r e l a t i v e  f re q u e n c y  
o f  o c c u r re n c e  o r  mean p r e s e r v a t i o n  v a lu e  on th e  q u a d r a t i c  
r e s p o n s e  o f  w a te r  d e p th  (d  ) .
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3 3  “  th e  p a r t i a l  r e g r e s s io n  c o e f f i c i e n t  o f  r e l a t i v e  f re q u e n c y  o f  
o c c u r re n c e  o r  mean p r e s e r v a t io n  v a lu e  on th e  c u b ic  re s p o n s e  
o f  w a te r  d e p th  ( d ^ ) .
$4  ■ th e  p a r t i a l  r e g r e s s io n  c o e f f i c i e n t  o f  r e l a t i v e  f re q u e n c y  o f  
o c c u r re n c e  o r  mean p r e s e r v a t io n  v a lu e  on th e  q u a r t i c  
r e s p o n s e  o f  w a te r  d e p th  ( d ^ ) . 
d^ « th e  d e p th  o f  w a te r  t o  th e  1 t h  sam p le ,
e  -  random  e r r o r  NID (0 ,  .
T e s t s  o f  s i g n i f i c a n c e  w ere  p e rfo rm e d  on  ea c h  o f  th e  fo u r  p a r t i a l  
r e g r e s s i o n  c o e f f i c i e n t s  in c lu d e d  i n  th e  i n i t i a l  m o d e l. T h ese  t e s t s  
w ere  p e rfo rm e d  a t  th e  .0 5  and  .01  p r o b a b i l i t y  l e v e l .  I n  a r r i v i n g  a t
e a c h  p r e d i c t i o n  e q u a t io n ,  th e  o n e - v a r i a b le  m odel p ro d u c in g  th e  h ig h e s t
a
r  s t a t i s t i c  i s  fo u n d . Then a n o th e r  v a r i a b l e ,  th e  one w h ich  w ould y i e l d  
th e  g r e a t e s t  I n c r e a s e  i n  r ^ ,  i s  ad d e d . Once t h i s  tw o - v a r ia b le  m odel i s  
o b ta in e d ,  ea c h  o f  t h e  v a r i a b l e s  i n  th e  m odel i s  com pared to  eac h  
v a r i a b l e  n o t  p r e s e n t l y  i n  t h e  m odel. F o r eac h  co m p ariso n  m ade, th e  
p ro c e d u re  d e te rm in e s  i f  rem oving  th e  v a r i a b l e  i n  th e  m odel and  r e p la c in g  
i t  w ith  th e  p r e s e n t l y  e x c lu d e d  v a r i a b l e  w ould  in c r e a s e  r  . A f te r  a l l  
p o s s i b l e  co m p a riso n s  a r e  m ade, th e  s w itc h  w hich  p ro d u c e s  th e  l a r g e s t  
i n c r e a s e  i n  i s  m ade. C om parisons a r e  a g a in  m ade, and  th e  p ro c e s s  
c o n t in u e s  u n t i l  no f u r t h e r  in c r e a s e s  i n  r  a r e  p o s s i b l e .  The tw o- 
v a r i a b l e  m odel th u s  s e t t l e d  upon i s  c o n s id e re d  th e  " b e s t "  (a c c o u n ts  f o r  
t h e  m ost v a r i a b i l i t y  i n  t h e  r e l a t i v e  f re q u e n c y  o r  p r e s e r v a t io n  o f  a  
ta x o n )  tw o - v a r ia b le  m odel t h e  te c h n iq u e  c a n  f i n d .  The te c h n iq u e  th e n  
ad d s  a  t h i r d  v a r i a b l e  to  th e  m o d e l, r e p e a t s  th e  s e l e c t i o n  p ro c e s s  
a c c o r d in g  to  th e  c r i t e r i a  u se d  i n  a d d in g  th e  seco n d  v a r i a b l e  u n t i l  th e
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" b e s t "  t h r e e - v a r i a b l e  m odel I s  d is c o v e re d  th ro u g h  th e  c o m p a rin g -a n d -  
s w i tc h in g  p r o c e s s .  The e n t i r e  p r o c e s s  I s  th e n  r e p e a te d  a d d in g  a  f o u r th  
v a r i a b l e , p ro d u c in g  th e  " b e s t "  f o u r - v a r i a b l e  m odel. The p r e d i c t i o n  
e q u a t io n s  p r e s e n te d  i n  t h i s  a p p e n d ix  a r e  th u s  th e  " b e s t "  o n e . tw o , 
t h r e e ,  o r  f o u r  v a r i a b l e  m ode ls  p ro d u c in g  th e  h ig h e s t  r ^  f o r  each  
r e l a t i v e  f re q u e n c y  o r  p r e s e r v a t io n  a n a l y s i s  p e rfo rm e d . C a lc u la t io n s  
r e q u i r e d  to  o b ta in  t h e  p a r t i a l  r e g r e s s io n  c o e f f i c i e n t s ,  and th e  e v a lu a ­
t i o n  o f  t h e i r  s t a t i s t i c a l  s i g n i f i c a n c e  a r e  e x p la in e d  i n  L i  (1 9 6 4 , v o l .  
I I ,  c h a p te r s  28 and 29) and S n ed eco r and C ochran  (1 9 6 7 , c h a p te r  1 3 ) .
I n  o r d e r  t o  i n s u r e  g e o g ra p h ic  r e p r e s e n t a t i o n ,  and  enough  d e g re e s  
o f  freedom  f o r  a  c o m p le te  a n a l y s i s ,  r e l a t i v e  f re q u e n c y  r e g r e s s io n  
a n a ly s e s  w ere  p e rfo rm e d  o n ly  on th o s e  ta x a  w hose t o t a l  c o u n t was t e n  o r  
g r e a t e r  and w ere  p r e s e n t  i n  a t  l e a s t  f i v e  sam p les  r e p r e s e n t a t i v e  o f  a t  
l e a s t  two r e g io n s  o f  t h e  G u lf  o f  M ex ico . I n  a d d i t i o n  to  th e  c r i t e r i a  
a p p l ie d  to  s e l e c t i o n  o f  f re q u e n c y  r e g r e s s i o n  a n a ly s e s ,  p r e s e r v a t io n  
r e g r e s s io n  a n a ly s e s  w ere  e x c lu d e d  f o r  th o s e  ta x a  w h ich  d id  n o t  d i s p la y  
any  v a r i a b i l i t y ,  b u t  w ere  a lw ay s  p r e s e rv e d  i n  th e  same m anner r e g a r d l e s s  
o f  th e  s a m p le 's  g e o g ra p h ic  l o c a t i o n .
A long w i th  eac h  p r e d i c t i o n  e q u a t io n  f o r  th e  a p p r o p r i a t e l y  ch o sen  
t a x a ,  th e  r a t i o  ( r ^ )  o f  t h e  v a r i a t i o n  a c c o u n te d  f o r  by t h a t  p r e d i c t i o n  
e q u a t io n  to  th e  t o t a l  v a r i a t i o n  i s  g iv e n .  S ig n i f i c a n c e  a t  t h e  .0 5  
p r o b a b i l i t y  l e v e l  i s  i n d i c a t e d  by ( * ) ,  s i g n i f i c a n c e  a t  th e  .0 1  p ro b ­
a b i l i t y  l e v e l  i s  i n d i c a t e d  by ( * * ) ,  and  th o s e  e q u a t io n s  a p p ro a c h in g  
s i g n i f i c a n c e  ( s i g n i f i c a n t  a t  t h e  .1  p r o b a b i l i t y  l e v e l )  a r e  i n d i c a t e d  by 
(A ).
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Ordo COCCOLITHALES Rood, Hay, et Barnard 1971
Subordo COCCOLITHINEAE K am ptner 1926 
em end. B oudreaux  e t  Hay 1969
FREQUENCY: R2 -  .0 7 n s
Y -  492 .87572  -  160.338281D  +  139.331025D 2 -  49.307138D 3 + 5.964337D 4 
PRESERVATION: r 2 -  .15**
Y -  2 .72677434  -  .00242505D 4
F a m il ia  COCCOLITHACEAE K am ptner 1928 
emend. Hay e t  M ohler 1967
FREQUENCY: R2 « .0 6 n s
Y = 472 .311673  -  158.590810D  +  121.175251D 2 -  39.316328D 3 +
4.507033D 4 
PRESERVATION: r 2 -  .06A
Y -  2 .558145  -  .00154D 4
Subfamilia COCCOLITHOIDEAE Kamptner 1928
emend. Hay et Mohler 1967
T r lb u s  COCCOLXTHEAE K am ptner 1928 
emend. B oudreaux e t  Hay 1969
FREQUENCY: r 2 = .06A
Y -  321 .144714  -  5.132454D
PRESERVATION: r 2 -  .16**
Y -  2 .4 4 1 3 1 6  -  .002921D*
Genus C y c l o l i t h e l l a  L o e b lic h  e t  T appan 1963 
C y c l o l i t h e l l a  a n n u la  (Cohen) M c In ty re  e t  Be 1967
FREQUENCY: R2 -  .1 2 *
Y -  11 .932047  -  15.896969D  + 8 .465832D 2 -  1.298161D 3 
PRESERVATION: R2 -  .0 6 n s
Y *> 4 .34644243  -  .3901D +  1.118942D 2 -  .669266D3 +  .1 0 8 4 9 7D4
Genus Cricolithus Kamptner 1928
Cricollthua ionesi Cohen 1965
FREQUENCY: r 2 -  .09*
Y = .424558  + .003522D4 
PRESERVATION: R2 -  .21*
Y -  5 .677401  -  3 . 728802D2 +  2 .035673D 3 -  .290512D 4
T r lb u s  GEPHYROCAPSEAE B oudreaux  e t  Hay 1969 
Genus G ephyrocapsa  K am ptner 1943
FREQUENCY: R2 * .0 4 n s
Y -  63 .429506  +  80.345327D  -  88 .655844D 2 +  33.637822D 3 -  4 .129177D 4 
PRESERVATION: r 2 -  .13**
Y -  2 .156866  -  .00254D 4
G ephyrocapsa  o c e a n ic a  K am ptner 1943
FREQUENCY: R2 * ,0 5 n s
Y = 56 .690259  + .079058D -  .000086D 2 +  .00000003D 3 -  .00000001D 4 
PRESERVATION: R2 -  .17*
Y -  2 .0 2 0 8 8  + . 065696D3 -  .019438D 4
Gephyrocapsa caribbeanica Boudreaux et Hay 1967
FREQUENCY: R2 » .24**
Y -  .0 8 2852  +  .2 6 5 1 3 7D3 -  .07131D 4 
PRESERVATION: R2 » .17A
Y -  5 .8 8 0 0 3 5  -  3 .215102D 2 +  1.690546D 3 -  .241656D 4
G ephyrocapsa  d o r o n ic o ld e s  (B la c k  e t  B a rn e s)  B ukry 1973
FREQUENCY: R2 -  .0 3 n s
Y -  1 .737903  -  2.865432D  +  1.752095D 2 -  .427965D 3 +  .036334D4 
PRESERVATION: R2 -  .7 8 *
Y -  6 .1 2 7 7 8 9  -  13.918317D  +  15.14283D 2 -  5 .646892D 3 + .673674D 4
G ep h y ro cap sa  k a m p tn e r!  D e f la n d re  e t  F e r t  1954
FREQUENCY: R2 = .04A
Y -  3 .114587  +  1.013580D 2 -  .257253D 3 
PRESERVATION: R2 -  ,0 5 n s
Y = .092746  +  3.95219D  -  3 .466889D 2 +  1.220778D 3 -  .148763D 4
Gephyrocapsa protohuxleyl McIntyre 1970
FREQUENCY: R2 -  . 14A
Y -  3 .468849  -  2 .882542D 2 +  1.820207D 3 -  .295708D4 
PRESERVATION: R2 = .0 6 A
Y -  2 .321254  -  .002251D 4
Genus E m il la n la  Hay e t  M ohler 1967 
E m ll la n la  h u x le y l  (Lohmann) Hay e t  M ohler 1967
FREQUENCY: R2 = .13A
Y -  287 .842874  -  162.192803D  +  156.045945D 2 -  57.939743D
7 . 154505D4 
PRESERVATION: R2 -  .29**
Y -  2 .826467  + .144619D 3 -  .042493D 4
S u b fa m ilia  CYCLOCOCCOLITHOIDEAE Hay e t  M ohler 1967 
e x . B oudreaux e t  Hay 1969
FREQUENCY: R2 -  .0 2 n s
Y = 102 .790275  -  44.068435D  +  30.32603D 2 -  8 .487357D 3 +  . 
PRESERVATION: R2 -  .12A
Y -  1 .917228  +  . 067371D3 -  .019477D4
+
858809D4
T r lb u s  CYCLOCOCCOLITHEAE B oudreaux  e t  Hay 1969 
Genus C y c lo c o c c o l l th ln a  W llcoxon  1970
FREQUENCY: r 2 -  .20**
Y -  3 0 .3 7 0 5 1 6  -  3.057663D  
PRESERVATION: r 2 = .0 7 *
Y -  2 .0 4 8 7 9 6  -  .002065D 4
C y c lo c o c c o l l th ln a  le p to p o r a  (M urray e t  B lackm an)
W llcoxon  1970
FREQUENCY: r 2 -  .2 2 *
Y -  30 .4 1 2 1 2  -  . 003243D 
PRESERVATION: r 2 = .12**
Y -  2 .04130688  -  .00283798D 4
C y c lo c o c c o l l th ln a  f r a g l l l s  (Lohmann) W llcoxon  1970
FREQUENCY: R2 = .18A
Y = 2 .4 7 9 4  -  7.839137D  + 7 .825684D 2 -  2 .896514D 3 + .357885D 4 
PRESERVATION: R2 -  .3 7 *
Y -  - .3 4 7 9 2 3  +  2.673453D  -  .543686D 2
T r ib u s  UMBILICQSPHAERAE B oudreaux  e t  Hay 1969 
Genus U m b ilic o sp h a e ra  Lohmann 1902 
U m b ilic o sp h a e ra  m i r a b i l i s  Lohmann 1902
FREQUENCY: r 2 = .1 4 *
Y -  55 .9 2 5 2 5 6  +  .0640711D 4 
PRESERVATION: R2 -  .10*
Y = 1 .9519364  + .073725D 3 -  .020687D4
F a m il ia  THORACOSPHAERACEAE D e f la n d re  1952
FREQUENCY: R2 -  .0 4 n s
Y = 1 .495543  + 8.367391D  -  4 .9513559D 2 -  1.48377D 3 -  .079149D 4 
PRESERVATION: R2 = .0 3 n s
Y -  .150726  +  5.512368D  -  4 .777165D 2 +  1.662568D 3 -  .199631D4
Genus T h o ra c o sp h a e ra  K am ptner 1927
FREQUENCY: R 2 = .0 4 n s
Y -  1 .441282  + 8.418061D  -  5 .054046D 2 +  1.157558D 3 -  .07534D 4 
PRESERVATION: R2 -  .0 2 n s
Y = .286418  + 4.947334D  -  4 .375343D 2 +  1.537258D 3 -  .1849858D 4
Thoracosphaera heimi (Lohmann) Kamptner 1941
FREQUENCY: R2 » .0 4 n s
Y -  1 .9 2 4 5  +  . 0066G8D -  .0000032D 2 +  .00000001D 3 + .00000001D 4 
PRESERVATION: R2 » ,0 2 n s
Y »  .452492  + 3.716207D  -  2 .855971D 2 +  .927617D3 -  .107484D 4
T h o ra c o sp h a e ra  new s p e c ie s  
NO PREDICTION EQUATIONS
Genus T e s s e l l a t o l i t h u s  Haq 1968 
T e s s e l l a t o l i t h u s  d e n t a tu s  Haq 1968
NO PREDICTION EQUATIONS
F a m ll ia  RHABDOSPHAERACEAE Lemmermann 1908
FREQUENCY: R2 » .06A
Y -  15 .603879  +  14.45393D 2 -  8 .352879D 3 +  1.240121D 4 
PRESERVATION: r 2 “  .17**
Y -  3 .21424  -  .003862D4
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Subfamilia RHABDOSPHAEROIDEAE Kamptner 1928
emend. Boudreaux et Hay 1969
Genus R habd o sp h aera  H aeck e l 1894
FREQUENCY: R2 = .05A
Y -  10 .03084  +  9.226261D 2 -  5.357059D 3 + .809854D*
PRESERVATION: r 2 -  .09*
Y -  2 .140801  -  .002496D 4
R habd o sp h aera  c l a v ig e r a  M urray e t  B lackm an 1898
FREQUENCY: R2 « .10*
Y = 2 .013082  +  5 .301162D 2 -  3 .254367D 3 + .509912D4 
PRESERVATION: R2 -  .26*
Y *» - .2 7 0 8 1  +  7.71547D  -  7 .102582D 2 +  2.495894D 3 -  .29894D 4
R h ab d o sp h aera  s t y l l f e r a  Lohmann 1902
FREQUENCY: R2 = .0 3 n s
Y = 11 .794946  -  .010919D + .000013D 2 -  .00000001D 3 + .00000001D4 
PRESERVATION: r 2 -  .04A
Y -  2 .031554  -  .001987D 4
Subfamilla DISCOSPHAEROIDEAE Boudreaux et Hay 1969
Genus P is c o s p h a e r a  H ae c k e l 1894
D is c o s p h a e ra  t u b I f e r a  (M urray e t  B lackm an) 
O s te n f e ld  1900
FREQUENCY: r 2 -  .06A
Y » 8 .5 4 3 8 2 5  -  .016093P 4 
PRESERVATION: R2 -  .1 0 *
Y -  5 .09688373  -  . 15684834D + .03545569D 2
F a m ll ia  WATZNAURIACEAE R ood, H ay, e t  B a rn a rd  1971 
Genus W a tz n a u r la  R e in h a rd t  1964 
W a tz n a u r la  s p .
FREQUENCY: r 2 = .10*
Y = .483538  -  .0024149D 4 
PRESERVATION: R2 -  .72**
Y = 2 .49131  + 1.460678D  -  .124419D 3
Ordo EIFFELLITHALES Rood, Hay, et Barnard 1971
FREQUENCY: R2 -  ,0 3 n s
Y -  8 5 .9 59616  -  16.597659D  + 31.149407D 2 -  13.674807D 3 +  1.780106D 4 
PRESERVATION: R2 -  ,0 4 n s
Y -  2 .160858  +  . 359008D -  .418506D2 +  .20884D3 -  .033296D 4
F a m ll la  AHMUELLERELLACEAE R e in h a rd t  1965 
Genus V e k S h in e l la  L o e b lic h  e t  T appan 1963
FREQUENCY: R2 -  . 10A
Y « .744169  -  . 786855D2 +  .476874D 3 -  .075557D4
PRESERVATION: NO PREDICTION EQUATION
V e k s h in e l la  im b r ic a t a  G a r tn e r  1968 
NO PREDICTION EQUATIONS
V e k s h in e l la  s p .
NO PREDICTION EQUATIONS
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Familla ZYGODISCACEAE Hay et Mohler 1967
FREQUENCY: r 2 -  .0 7 *
Y -  .581732  -  .002689D 4 
PRESERVATION: r 2 » .21A
Y = 5 .293317  -  .375564D
Genus Z y g o d iscu s  B ra m ie t te  e t  S u l l i v a n  1961 
emend. G a r tn e r  1968
Z y g o d isc u s  s p .
NO PREDICTION EQUATIONS
Genus C h la s to z y g u s  G a r tn e r  1968 
C h la s to z y g u s  s p .
FREQUENCY: R2 * .10A
Y = - .1 0 2 4 3 8  +  . 414592D -  .028861D 3 
PRESERVATION: R2 = .40A
Y o 5 .262512  -  .27027D 3 +  .077911D 4
Genus P a r h a b d o l l th u a  D e f la n d re  1952 
em end. B lack  1972
P a rh a b d o l l th u a  s p .
NO PREDICTION EQUATIONS
F a m il ia  SYRACOSPHAEKACEAE Lemmermann 1908
FREQUENCY: R2 ** .1 0 *
Y = 47 .4 3 0 8 0 5  +  29.499362D 2 -  16.322267D 3 + 2.368034D 4 
PRESERVATION: R2 = .12*
Y -  2 .179506  + . 173203D2 -  .012558D 4
Genus S y ra c o s p h a e ra  Lohmann 1902
FREQUENCY: R2 -  .0 5 n s
Y = 24 .506506  -  12.618522D  +  16.205405D 2 -  7.112649D 3 +  .991286D 4 
PRESERVATION: R2 «* .12*
Y = 2 .1 4 4 0 5 9  + . 106499D3 -  .02945D 4
Syracosphaera pulchera Lohmann 1902
FREQUENCY: R2 » .07A
Y « 14 .692675  + .008D 2 -  .000001D 3 +  .000001D4 
PRESERVATION: R2 -  .12*
Y -  2 .327681  + .094357D 3 -  .02634D4
S y ra c o s p h a e ra  l a c t a r l a  (L e c a l)  L o e b l ic h  
e t  Tappan 1968
FREQUENCY: R2 = .0 4 n s
Y -  - .1 4 7 2 4 6  + . 002925D -  .000002D 2 + .00000001D 3 -  .00000001D4 
PRESERVATION: R2 = .2 1 n s
Y -  -4 .5 5 7 4 1 8  + 15.045633D  -  12.293312D 2 +  4 .024064D 3 -  .456321D4
S y ra c o s p h a e ra  m o l l s c h i l  S c h i l l e r  1925
FREQUENCY: R2 = .0 7 n s
Y =» .39293  -  .00065D +  .000003D 2 -  .00000001D 3 +  .00000001D4 
PRESERVATION: R2 = .26A
Y = 4 .9 7 1 2 7 9  -  8.343505D  +  8 .447799D 2 -  3 .154797D 3 +  .387691D 4
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Syracosphaera nana (Kamptner) nov. comb.
NO PREDICTION EQUATIONS
S y ra c o s p h a e ra  o s s a  (L e c a l)  L o e b l ic h  e t  Tappan 1968 
NO PREDICTION EQUATIONS
S y ra c o s p h a e ra  r l h o s a  (K am ptner) B o r s e t t l  
e t  C a t!  1972
FREQUENCY: R2 = .1 0 n s
Y = -1 .8 4 2 5 2 7  -  .008313D -  .000009D 2 +  .00000001D 3 -  .00000001D 4 
PRESERVATION: R2 = .0 6 n s
Y = - .0 4 8 3 2  +  3.675676D  -  2 .876937D 2 +  .913028D 3 -  .098277D 4
S y ra c o s p h a e ra  t u b e r c u l a t a  K am ptner 1937
FREQUENCY: R2 = .07A
Y = .842171 -  . 663961D +  .138956D2 
PRESERVATION: NO PREDICTION EQUATION
S y ra c o s p h a e ra  v a r i a b i l i s  ( H a l ld a l  e t  M a rk a li)  
n o v . comb.
NO PREDICTION EQUATIONS
S y ra c o s p h a e ra  s p p . U n id e n t i f ie d  
S y ra c o s p h a e ra  s p .  "A"
FREQUENCY: R2 = .06A
Y -  .684642  -  . 0004ID +  .00000001D 3 
PRESERVATION: NO PREDICTION EQUATION






Genus A c a n th o ic a  Lohmann 1903 
A c a n th o ic a  q u a t t r o s p ln a  Lohmann 1903
NO PREDICTION EQUATIONS
Genus C r e ta d ls c u s  G a r tn e r  1968 
C r e ta d ls c u s  s p .
FREQUENCY: r 2 -  .07*
Y = .273026  -  . 004924D3 
PRESERVATION: NO PREDICTION EQUATION
Genus U m b e llo sp h ae ra  P a a sc h e  1955
FREQUENCY: R2 -  .12*
Y -  27 .474037  + 23.77203D 2 -  12.637778D 3 +  1.763007D 4 
PRESERVATION: R2 -  .08*
Y -  1 .634158  +  . 991002D -  .209425D 2
Umbellosphaera tenuis (Kamptner) Paasche 1955
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FREQUENCY: R2 -  .1 5 *
Y -  4 5 .9 6 5 8 4 2  -  90.15997D  + 85.838622D 2 -  30.80467D 3 + 3.696278D 4 
PRESERVATION: r 2 » .08A
Y = 1 .540659  + . 496826D -  .030963D3
U m b e llo sp h ae ra  i r r e g u l a r i s  P a a sc h e  1955
FREQUENCY: R2 -  .17**
Y » 11 .08704  +  1 5 .590145D -  3 .325051D 2 
PRESERVATION: R2 * .15A
Y -  - .5 6 5 6 6 8  +  8.048874D  -  6 .387464D 2 +  2.125349D 3 -  .248037D*
F a m il la  HELICOPONTOSPHAERACEAE Haq 1973 
Genus H e lic o p o n to s p h a e ra  Hay e t  M ohler 1967
FREQUENCY: R2 = .0 5 n s
Y -  9 .5 7 5 1 9 3  -  5 .406141D  + 1.093189D 2 +  .729176D 3 -  .19435D 4 
PRESERVATION: r 2 »  .13*
Y = 2 .23077  -  . 003221D4
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Hellcopontosphaera kamptner1 Hay et Mohler 1967
FREQUENCY: R2 -  .06A
Y -  5 .4 6 5 5 5 2  -  3.183692D 2 +  1.957211D 3 -  .308697D4 
PRESERVATION: R2 »  .0 3 n s
Y -  2 .875987  -  2.839764D  +  2 .539937D 2 -  .833124D 3 + .089988D 4
H e llc o p o n to s p h a e ra  h y a l in a  (G a a rd e r)  Haq 1973
FREQUENCY: R2 = .0 2 n s
Y = .335721  -  .00049D  +  .0000005D 2 -  .0 0 0 0 0 0 0 ID3 + .00000001D 4 
PRESERVATION: R2 -  .69*
Y = -2 2 .1 4 7 2 4 8  +  63.841546D  -  52 .620323D 2 +  16.842755D 3 -  1.843052D 4
H e llc o p o n to s p h a e ra  s e l l l l  B ukry e t  B ra m le t te  1969 
NO PREDICTION EQUATIONS
H e llc o p o n to s p h a e ra  w a l l l c h l  (Lohmann) B oudreaux
e t  Hay 1969
FREQUENCY: R2 -  ,0 2 n s
Y = 3 .639831  -  .004778D +  .000004D 2 -  .00000001D 3 + .00000001D 4
PRESERVATION: r 2 -  .27**
Y -  2 .674143  -  .081533D 2
F a m il ia  PONTOSPHAERACEAE Lemmermann 1908
FREQUENCY: r 2 » .09**
Y = 1 .985216  + . 136905D2 
PRESERVATION: R2 = .0 5 n s
Y = .755338 +  5 .138208  -  5 .015181D 2 +  1.882652D 3 -  .237329D 4
S u b fa m ilia  PONTOSPHAEROIDEAE K am ptner 1937 
T r ib u s  PONTOSPHAEREAE Hay 1966 
Genus PontQ B phaera Lohmann 1902
FREQUENCY: r 2 -  .07*
Y = 1 .801712  + . 109236D2 
PRESERVATION: R2 -  .0 5 n s
Y => 1 .416672  + 3.079682D  -  3 .287796D 2 +  1.299221D 3 -  .169716D 4
PontQBphaera alboranensis Bartollni 1970
FREQUENCY: R2 -  .0 2 n s
Y -  - .3 2 7 2 5 0  +  1 . 132108D -  .337119D 2 -  .037974D 3 +  .016524D 4
PRESERVATION: R2 -  ,1 5 n s
Y -  14 .65877  -  20.530692D  +  11.956791D 2 -  2.854725D 3 +  .237799D 4
P o n to s p h a e ra  d ls c o p o ra  S c h i l l e r  1925 
em end. B urns 1973
FREQUENCY: R2 = .0 5 n s
Y -  .165224  +  .0 0 2 3 1 4D -  .000003D 2 +  .00000001D 3 +  .00000001D* 
PRESERVATION: R2 «  .0 7 n s
Y = 7 .743341  -  11.898632D  +  7.537418D 2 -  1.815722D 3 +  .1448680*
P o n to s p h a e ra  ja p o n lc a  (Takayam a) B urns 1973
FREQUENCY: R2 -  .19A
Y » - .8 6 5 5 1 9  +  2.303915D  -  1.327684D 2 +  .226515D3 
PRESERVATION: R2 = .2 0 n s
Y = 2 8 .1 70909  -  4 9 .4152290  + 31.076233D 2 -  8 .042542D 3 +  .7386660*
P o n to s p h a e ra  m u l t lp o r a  (K am ptner) R o th  1970
FREQUENCY: R2 = .0 4 n s
Y -  - .1 5 4 4 1 3  + . 00257D -  .000002D 2 +  .00000001D 3 -  .00000001D* 
PRESERVATION: R2 -  ,0 9 n s
Y -  .62717  +  4.898209D  -  4 .933427D 2 +  1.807885D 3 -  .2201267D*
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P o n to s p h a e ra  p a c i f l c a  B urns 1973 
NO PREDICTION EQUATIONS
S u b fa m il ia  SCYPHOSPHAEROIDEAE B oudreaux  e t  Hay 1969 
Genus S cy p h o sp h ae ra  Lohmann 1902
FREQUENCY: R2 -  .0 7 n s
Y = .1 8 2 3  -  .9 8 0 3 7 ID +  1.683786D 2 -  .789671D 3 +  .112769D4 
PRESERVATION: R2 -  .51A
Y » -4 0 .7 2 3 4 2 9  + 89.254951D  -  61.172459D 2 + 17.430169D 3 -  1.76543D*
S c y p h o sp h ae ra  a p s t e i n i i  Lohmann 1902
FREQUENCY: r 2 -  .06A
Y -  .157735  + .002418D 4 
PRESERVATION: R2 -  .4 0 n s
Y = -1 .5 1 0 9 7 2  + 5.461603D  -  1 .068693D 2
Scyphosphaera pulcherrlma Deflandre 1942
NO PREDICTION EQUATIONS
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Familia CALCIOSOLENIACEAE Kamptner 1937
FREQUENCY: R2 -  ,0 3 n s
Y = 10 .501707  +  31.56154D  -  34.340122D 2 +  13.153582D 3 -  1.64501D 4 
PRESERVATION: r 2 -  .0 8 *
Y = 1 .517182  +  .002281D 4
Genus A n o p lo s o le n ia  D e f la n d re  1952 
A n o p lo s o le n ia  b r a s i l i e n s i s  (Lohmann) D e f la n d re  1952
FREQUENCY: r 2 = .12*
Y -  6 .853508  -  1.26D 
PRESERVATION: r 2 » .33**
Y = 1 .148941 +  .007797D 4
Genus S c a p h o l i th u s  D e f la n d re  1954 
S c a p h o l i th u s  f o s s l l i s  D e f la n d re  1954
FREQUENCY: R2 = .0 5 n s
Y -  -4 .4 0 7 3 6 7  +  .055105D  -  .000053D 2 +  .00000002D 3 -  .00000001D 4 
PRESERVATION: R2 -  .0 9 n s
Y » 4 .378394  -  6 .311187D  +  4 .817762D 2 -  1 .487115D 3 +  .159865D 4
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Ordo PODORHABDINALES Rood, Hay, et Barnard 1971
FREQUENCY: R2 « .06na
Y -  - .6 5 9 7 4 5  +  2.429782D  -  1 .840423D 2 +  .5 9 9 8 3 ID3 -  .071507D 4 
PRESERVATION: R2 -  .55**
Y -  -9 .3 8 2 9 6 1  +  34.646751D  -  28.482221D 2 +  9.342233D 3 -  1 .059779D 4
F a m il ia  PODORHABDACEAE N oel 1967 
S u b fa m ll ia  ETHHORHABDOIDEAE Rood, H ay, e t  B a rn a rd  1971
FREQUENCY: r 2 -  .07*
Y -  .476252  -  .0021D 4 
PRESERVATION: R2 -  . 59A
Y «  -6 .2 8 6 5 0 3  + 25.951125D  -  20.261514D 2 +  6.214146D 3 -  .651918D 4
Genus C re ta rh a b d u s  B ra m le t te  e t  M a r t in i  1964 
emend. B ukry 1969
Cretarhabdus sp.
NO PREDICTION EQUATIONS
Genus C r lb r o s p h a e r e l l a  D e f la n d re  1952 
em end. R e in h a rd t  1964
C r lb r o s p h a e r e l l a  s p .
FREQUENCY: r 2 = .07A
Y -  .361711 -  .001629D 4 
PRESERVATION: NO PREDICTION EQUATION
F a m il ia  PRED1SCOSPHAERACEAE R ood, Hay, 
e t  B a rn a rd  1971
S u b fa m llia  PREDISCOSPHAEROIDEAE G a r tn e r  1968 
em end. Rood, H ay, e t  B a rn a rd  1971
Genus P re d ls c o s p h a e r a  V ek sh in a  1959 
NO PREDICTION EQUATIONS
PredlBcosphaera cretacea (Arkhangelsky) Gartner 1969
NO PREDICTION EQUATIONS
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Predlscosphaera splnosa (Bramlette et Martini)
G a r tn e r  1969
MO PREDICTION EQUATIONS
FORMAE INCERTAE SEDIS
F a m il ia  CALYPTROSPHAERACEAE B oudreaux  
e t  Hay 1969
FREQUENCY; R2 = .0 7 n s
Y -  -2 .1 5 2 7 1 1  + 8.520595D  -  6 .654377D 2 + 1.949814D 3 -  .188621D4 
PRESERVATION: R2 -  .1 5 n a
Y = -5 .0 9 6 8 9  + 15.518173D -  11.221457D 2 +  3.21073D 3 -  .3178D4
Genus C a ly p tro s p h a e ra  Lohmann 1902 
NO PREDICTION EQUATIONS
C a ly p tro s p h a e ra  c a t l l l l f e r a  (K am ptner) G a a rd e r  1962
NO PREDICTION EQUATIONS
Calyp trosphaera oblonga Lohmann 1902
NO PREDICTION EQUATIONS
Genus A n th o sp h a e ra  K am ptner 1936
A n th o sp h a e ra  q u a t r i c o m u  ( S c h i l l e r )
H a l ld a l  e t  H a r k a l l  1955
NO PREDICTION EQUATIONS
Genus C o r ls p h a e ra  K am ptner 1936 
C o r ls p h a e ra  g r a c i l i s  K am ptner 1937
NO PREDICTION EQUATIONS
Genus H o lo d ls c o l l th u s  R o th  1970 
H o lo d ls c o l l th u s  m acro p o ru s  (D e f la n d re )  R oth  1970
FREQUENCY: R2 = .11A
Y -  -1 .8 6 2 7 4 3  + 9.10614D  -  8 .742227D 2 +  3.056903D 3 -  .35112D 4 
PRESERVATION: R2 -  .21*
Y -  -6 .9 4 1 2 4 1  +  21.26978D  -  16.908315D 2 +■ 5.289192D 3 -  .568661D4
Genus H om ozygosphaera D e f la n d re  1952 
H om ozygoaphaera d a lm a t l c a  (K am ptner) n o v . comb.
FREQUENCY: R2 -  .04A
Y -  - .5 1 2 0 1 4 4  + . 878365D -  .203510D 3 +  .042079D 4 
PRESERVATION: R2 -  .8 3 n s
Y -  71 .550698  -  1 3 0 .986187D +  88.260388D 2 -  25.1449D 3 +  2.56418D 4
F a m il ia  CERATOLITHACEAE N o r r is  1965 
Genus C e r a t h o l i t h u s  K am ptner 1950 
C e r a t o l l t h u s  c r l s t a t u s  K am ptner 1950
FREQUENCY: r 2 » .0 5 A
Y -  1 .41797  +  . 00007D2 
PRESERVATION: R2 -  .09A
Y = 1 .772768  -  .184843D 2 +  .014128D 4
F a m il ia  DISCOASTERACEAE V ek sh in a  1959
Genus D ls c o a s te r  Tan S in  Hok 1927 
e x . B r a m le t te  e t  R ie d e l  1954
NO PREDICTION EQUATIONS
D is c o a s te r  p e n t a r a d ia t u a  Tan S in  Hok 1927 
e x . B ra m le t te  e t  R le d e l  1954
NO PREDICTION EQUATIONS
D is c o a s te r  c a l c a r i s  G a r tn e r  1967 
NO PREDICTION EQUATIONS
D is c o a s te r  c h a l l e n g e r 1 B ra m le t te  e t  R le d e l  1954 
NO PREDICTION EQUATIONS
F a m il ia  HALOPAPPACEAE K am ptner 1928 
Genus H alopappus Lohmann 1912
FREQUENCY: r 2 = ,07A
Y » 2 .581581  -  . 418028D 
PRESERVATION: NO PREDICTION EQUATION
Halopappus sp. "A"
FREQUENCY: r 2 -  .1 1 *
Y -  - .0 9 4 5 3 8  + .0 0 3 4 1 ID4 
PRESERVATION: NO PREDICTION EQUATION
H alopappus s p .  "B"
FREQUENCY: r 2 -  .1 6 *
Y = 2 .1 5 2 9 6 5  -  .033563D 3 
PRESERVATION: NO PREDICTION EQUATION
F a m il ia  OOLITHOTACEAE new fa m ily
FREQUENCY: R2 -  .08A
Y « 2 .245339  -  .204248D 3 +  .04963D4 
PRESERVATION: R2 -  .24*
Y -  3 .0 9 2 4 4 6  -  2 .022578D 2 +  1.230128D 3 -  .187272D*
T r ib u s  OOLITHOTEAE new t r i b e  
G enus O o l l th o tu s  R e in h a rd t  1968 
O o l i t h o tu s  a n t i l i a r  urn (C ohen) R e in h a rd t  1968
FREQUENCY: R2 « .11*
Y -  1 .135711  -  . 14428D3 +  .036451D 4 
PRESERVATION: R2 -  .20A
Y » 3 .503781  -  1.942036D  +  .538631D 3 -  .11272D 4
T r lb u s  ORTHAMBODISCAE new t r i b e
Genus O rth am b o d iscu s  G a r tn e r ,  i n  p r e s s
O rtham bod i s  c u b  p e rp le x u s  (B ra m le t te  e t  R le d e l)
G a r tn e r ,  i n  p r e s s
FREQUENCY: R2 -  .0 4 n s
Y -  1 .246433  -  .001069D  +  .000001D 2 -  .00000001D 3 +  .00000001D 4 
PRESERVATION: r 2 « .15A
Y = 1 .94348  + . 005672D4
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Familia SPHENOLITHACEAE Deflandre 1952
ex. Vekshina 1959
FREQUENCY: R2 » .0 6 n s
Y -  -1 .2 9 0 6 9 2  +  1 7 .4 2 6 1 6D -  17.375195D 2 +  6.423079D 3 -  .792028D 4 
PRESERVATION: R2 -  . 10A
Y -  4 .0 9 0 7 3 6  + .783739D  -  . 155136D2
Genus S p h e n o li th u s  D e f la n d re  1952 
S p h e n o ll th u s  a b i e s  D e f la n d re  1954
NO PREDICTION EQUATIONS
" S p h e n o l i th  f ra g m e n ts "
FREQUENCY: R2 -  ,0 6 n s
Y -  -3 .5 8 6 9 8 8  + .021606D  -  .00002D 2 +  .00000001D 3 -  .00000001D 4 
PRESERVATION: NO PREDICTION EQUATION
" F a m il ia "  INCERTAE SEDIS 
Genus M jcu la  V ek sh in a  1959 
M icu la  s ta u r o p h o r a  (G a rd e t)  S t r a d n e r  1963
NO PREDICTION EQUATIONS
"REWORKED SPECIES"
FREQUENCY: r 2 » .11**
Y -  11 .338434  -  .029526D 4 
PRESERVATION: R2 -  .0 6 n s
Y » 3 .646329  + 2.19717D  -  1.765094D 2 +  .489916D 3 - .044168D 4
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